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EXECUTIVE SUMMARY

This document presents the work plan for the Phase lil RCRA Facility Investigation/CERCLA Remedial
Investigation (RF1/Rl) of the 881 Hiliside Area (Operable Unit No 1) at the Rocky Flats Plant After an
introduction to the site in Section 10, the work plan summarizes resuits of the Phase | and Phase |l Ris
(Rockwell International, 1987a and 1988a) in Section 2 Section 3 defines Phase Il RFI/R! data quality
objectives and data needs based on the conclusions from Phases | and lI, and Section 4 specifies RFi/RI tasks
including a baseline risk assessment and feasibility study Section 5 is the Field Sampling Plan for soils and
water which is designed to meet the RFI/RI objectives Section 6 presents plans for an environmental
evaluation in the 881 Hillside Area

Sites at the 881 Hillside Area were selected as High Priority Sites as a result of Plant-wide
characterization activities which showed elevated concentrations of volatile organic compounds in ground
water upgradient from Woman Creek (US DOE, 1987a) The Phase | and Phase i Rls indicated that the
unconfined ground-water fiow system is contaminated The most pronounced organic contamination is in the
eastern portion of the 881 Hiliside Area, with tetrachloroethene, trichloroethene, 1,1-dichloroethene, 1,1-
dichloroethane, 1,1,1-trichloroethane, 1,1,2-trichloroethane, and carbontetrachlorde reaching several thousand
micrograms per liter in many samples Organic contamination in the western portion of the 881 Hillside area
occurs at much lower concentrations Concentrations of metals and inorganics above estimated background
levels are considered to represent possible contamination for the purposes of planning the Phase Il RFi/RI
The eastern portion of the study area showed the highest concentrations of inorganic constituents, with total
dissolved solids of approximately 2000 milligrams per liter, and numerous occurrences of nickel, strontium,
selenium, zinc, copper, and uranium above background in most wells Other metals exceeded background

less frequently and by a smaller margin in this area and elsewhere at Operable Unit No 1

Phase | and Phase Il solls investigations indicated tetrachioroethene, trichloroethene, and 1,1,1-
trichloroethane contamination in some soll samples Prevalent occurrences of methylene chloride, acetone,
and phthalates in soil samples have raised questions of laboratory contamination which prevent definitive
conclustons about the actual presence of these contaminants in soils Plutonium and americium were detected

above background in soil samples that include the ground surface Windblown radionuclide-bearning dust from
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the 903 Pad Area is the suspected source of these radionuclides. Plans for additional characterization of waste
sources and soils are described herein.

Tetrachloroethene and trichloroethene are the principal volatile organic compounds which have been
detected in surface water samples from a few stations, although the concentrations and frequency of
occurrence are low Low concentrations of methylene chloride, acetone, and toluene in the surface water
occur at many sampling stations The furthest downgradient surface water samples do not show organic
contamination Numerous metals and other inorganic compounds were occasionally above background
Gross alpha, gross beta, uranium, and plutonium exceeded background in many of the samples

Proposed sampling and analysis for the RFI/Rl, presented in Section 5, will support source
characterization and better definition of the nature and extent of soll, ground-water, and surface water
contamination Approximately fifty boreholes will be drilled and nineteen monitor wells will be installed for
the purposes of source characterization An additional sixteen monitoring wells will be installed to determine
the nature and extent of contamination, and to support hydraulic testing for better characterization and

prediction of contaminant movement

Based on the Phase | and Il results, an interim measures/interim remedial action (IM/IRA) Is being
implemented at OU 1 The IM/IRA focuses on the collection of contaminated alluvial ground water, and

treatment of the ground water to remove organic and inorganic contaminants

Surface soil scrapes, and soil samples for vertical profile analysis will be collected to better characterize
the distnibution of radionuclides, and to complement an investigation of surface soils over an 800 acre area
which s planned for Operable Unit No 2, east of the 881 Hillside Area Three new sediment sampling stations
will be established to enable characterization of sediments that are more directly associated with the 881,

Hillside than sediment samples analyzed in previous investigations

A baseline nsk assessment plan is provided in Sections 416 and 6 The baseline risk assessment
includes both a public health evaluation and environmental evaluation Section 4 1 6 focuses on the public

health evaluation including contaminant identification, exposure assessment, toxicity assessment, and risk
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characterization This section also briefly discusses the environmental evaluation, however, the detalls are
provided in Section 6, the Environmental Evaluation Plan This plan was prepared to provide a framework for
addressing environmental effects as a result of exposure to contaminants from the 881 Hillside Area. The plan
presents a three-stage approach for conducting the environmental evaluation The sequential approach was
designed to ensure that all procedures to be performed are appropriate, necessary, and sufficient to adequately

characterize the nature and extent of the environmental impacts resulting from contaminants at 881 Hillside
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SECTION 1
INTRODUCTION

This document presents the work plan for the Phase lll RCRA Facility Investigation/CERCLA Remedial
Investigation (RFi/Rl) of the 881 Hiliside Area (Operable Unit No 1) at the Rocky Flats Plant. It addresses
characterization of contaminant sources as well as the nature and extent of contamination in soils, ground
water, and surface water The work plan also presents the tasks that must be completed in the performance
of the RCRA Corrective Measure Study/CERCLA Feasibiiity Study (CMS/FS)

This investigation is part of a comprehensive, phased program of site characterization, remedial
Investigations, feasibility studies, and remedial/corrective actions currently in progress at the Rocky Flats
Plant These investigations are pursuant to the U S Department of Energy (DOE) Environmental Restoration
(ER) Program [formerly known as the Comprehensive Environmental Assessment and Response Program
(CEARP)], a Compliance Agreement between DOE, the U S Environmental Protection Agency (EPA) and the
State of Colorado Department of Health (CDH) dated July 31, 1986, and the Federal Facility Agreement and
Consent Order (FFACO) [known as the Inter-Agency Agreement (IAG)] The program developed by DOE, EPA,
and CDH in response to the agreements addresses RCRA and CERCLA issues and has been integrated with
the ER Program In accordance with the IAG, the CERCLA terms "Remedial Investigation” and "Feasibility
Study” in this document are considered equivalent to the RCRA terms “RCRA Facility Investigation® and

*Corrective Measures Study”

11 ENVIRONMENTAL R Tl R A

The ER Program is designed to investigate and clean up contaminated sites at DOE facilities The
ER Program is being implemented in five phases Phase 1 (Installation Assessment) includes preliminary
assessments and site inspections to assess potential environmental concerns Phase 2 (Remedial
Investigations) includes planning and implementation of sampling programs to delineate the magnitude and
extent of contamination at specific sites and to evaluate potential contaminant migration pathways Phase 3
(Feasibility Studies) evaluates remedial alternatives and develops remedial action plans to miigate
environmental problems identified as needing correction in Phase 2 Phase 4 (Remedial Design/Remedial
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Action) includes design and implementation of site-specific remedial actions selected on the basis of Phase 3
feasibility studies. Phase 5 (Compliance and Verification) implements monitoring and performance assessments
of remedial actions, and verifies and documents the adequacy of remedial actions carried out under Phase 4
Phase 1 has already been completed at Rocky Flats Plant (US DOE, 1986), and Phases 2, 3, and 4 are
currently in progress for Operable Unit No 1

Phase 2 activities at Operable Unit No 1 include a Phase | and a Phase Il Rl An initial (Phase I) fleld
program was completed at the 881 Hiliside Area in 1987, and a draft Phase | Rl report was submitted to EPA
and CDH in July 1987 (Rockwell International, 1987a) Based on resuits of that investigation, a second phase
of field work was conducted at the 881 Hillsikie in the fall of 1987 A draft Phase Il Rl was submitted to EPA
and COH in March 1988 (Rockwell International, 1988a), and in October 1988 the DOE received written

comments on the draft Phase Il Rl

ER Program Phase 3 activities include submittal of a draft FS report to EPA and COH in March 1988
(Rockwell International, 1988b) This document was submitted with the draft Phase Il Rl report, and EPA
comments on the FS were received with the Phase Il Rl comments Written responses to the March 1988
RI/FS were prepared and forwarded to EPA in February 1989 (Rockwell International, 198%a) An interim
remedial action plan has also been developed to collect and treat contaminated alluvial ground water at
Operable Unit No 1 (US DOE, 1990a) The plan was released for public comment during October and
November 1989 and finalized in January 1990 Construction of the interim remedial action was started in
January 1990 A final remedial action will be proposed based on Phase |, Il, and lll investigations

A draft Phase il RFI/RlI Work Plan was submitted to EPA and CDH in February 1990 (EG&G, 1990a)
This final Phase Il plan incorporates comments received by EPA and COH in May 1990 Written responses

to these comments are being submitted under separate cover

12 WORKP RVI

This Phase Ilf RFI/RI Work Plan for the 881 Hillside Area presents resuits of the Phase | and Phase i
Ris, defines data quality objectives and data needs based on that investigation, specifies RI/FS tasks, and
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presents a Fleld Sampling Plan (FS) The plan incorporates agency comments on the March 1988 RI/FS
This section (1 Introduction) presents site locations and descriptions, and Section 2 presents resuits of the
previous Ris. Included in Section 2 are Phase | and Phase Il characterization resuits for site geology and
hydrology as well as the nature and extent of contamination in soils, ground water, surface water, and
sediments Section 3 discusses data quality objectives for the Phase Ill investigation Section 4 specifies
RI/FS tasks to be performed, and Section 5 presents the FSP to meet RI/FS objectives Section 6 presents
a detailed environmental evaluation plan for the 881 Hillside Area.

13 BACKGROUND AND PHYSICAL SETTING

131 Background

The Rocky Flats Plant 1s a government-owned, contractor-operated facility, which is part of the
nationwide nuclear weapons production complex The Plant was operated for the US Atomic Energy
Commission (AEC) from its inception in 1951 until the AEC was dissolved in January 1975 At that time,
responsibility for the Plant was assigned to the Energy Research and Development Administration (ERDA),
which was succeeded by the DOE in 1977 Dow Chemical U S A., an operating unit of the Dow Chemical
Company, was the pnme operating contractor of the facility from 1951 until June 30, 1975 Rockwell
International was the prime contractor responsible for operating the Rocky Flats Plant from July 1, 1975, unti
December 31, 1988 EG&G Rocky Flats, Inc, became the pnme contractor at the Rocky Flats Plant on

January 1, 1990, and currently operates the Plant

1311 Plant Operations

The primary mission of the Rocky Flats Plant is to fabncate nuclear weapon components irom
plutonium, uranium, and other non-radioactive metals (principally beryllium and stainless steel) Parts made
at the Plant are shipped elsewhere for assembly In addition, the Plant reprocesses components after they

are removed from obsolete weapons for recovery of plutonium
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Both radioactive and nonradioactive wastes are generated in the production process. Current waste
handling practices involve on-site and off-site recycling of hazardous materials, on-site storage of hazardous
and radioactive mixed wastes, and off-site disposal of solid radioactive materials at another DOE faclity
However, both storage and disposal of hazardous and radioactive wastes occurred on site in the past.
Preliminary assessments under the ER Program identified some of the past on-site storage and disposal
locations as patential sources of environmental contamination

13 12 Previous Investigations

Various studies have been conducted at the Rocky Flats Plant to characterize environmental media and
to assess the extent of radiological and chemical contaminant releases to the environment The investigations

performed prior to 1986 are summarized in Rockwell International (1986a) and include

1) Detailed descniptions of the regional geology (Malde, 1955, Spencer, 1961, Scott, 1960, 1963,
1970, 1972 and 1975, Van Horn, 1972 and 1976, U S DOE, 1980, Dames and Moore, 1981, and
Robson et al, 1981a and 1981b)

2) Several drilling programs beginning in 1960 that resulted in the construction of approximately
60 monitor wells by 1982

3) An investigation of surface and ground-water flow systems by the U S Geological Survey (Hurr,
1976)

4) Environmental, ecological, and public health studies which culminated in an environmental
impact statement (U S DOE, 1980)

5) A summary report on ground-water hydrology using data from 1960 to 1985 (Hydro-Search,
Inc., 1985)

6) A preliminary electromagnetic survey of the Plant perimeter (Hydro-Search, inc, 1986)
7) A soil gas survey of the Plant penmeter and buffer zone (Tracer Research, inc, 1986)

8) Routine environmental monitoring programs addressing air, surface water, ground water, and
solls (Rockwell international, 1975 through 1985, 1986b, and 1987b)

!
In 1986, two major investigations were completed at the Plant The first was the ER Program Phase 1
installation assessment (US DOE, 1986) which included analyses and identification of current operational
activities, active and Inactive waste sites, current and past waste management practices, and potential

environmental pathways through which contaminants couid be transported A number of sites were identified
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that could potentially have adverse impacts on the environment. These sites were designated as Solid Waste
Management Units (SWMUs) by Rockwell Intermational (1987c) and were divided into three categories

1) Hazardous waste management units that will continue to operate and need a RCRA operating
permit.

2) Hazardous waste management units that will be closed under RCRA interim status

3) Inactive waste management units that will be investigated and cleaned up under Section 3004(u)
of RCRA or CERCLA.

The IAG redefines the SWMUs within the second and third categories as individual Hazardous
Substance Sites (IHSSs) This term is used hereinafter, however, no RCRA or CERCLA regulatory distinction

in the use of the terms "site", "unit", or “SWMU" Is intended in this document

The second major investigation completed at the Plant in 1986 involved a hydrogeologic and
hydrochemical characterization of the entire Plant ste Plans for this study were presented in Rockwell
International (1986c and 1986d), and study results were reported in Rockwell International (1986e)
Investigation results indicated four areas to be significant contributors to environmental contamination, with
each area containing several stes The areas are the 881 Hillside Area, the 903 Pad Area, the Mound Area,

and the East Trenches Area

Sites at the 881 Hillside Area were selected as High Prionty Sites because of the elevated
concentrations of volatile organic compounds detected in the ground water, the relatively permeable soils,
and the proximity of the area to a surface water drainage RFI/RI activities to date at the 881 Hillside Area are

discussed in more detail in Section 2

132 Physical Setting

The Rocky Flats Plant is located in northern Jefferson County, Colorado, approximately 16 miles

northwest of Denver (Figure 1-1) The Plant consists of approximately 6,550 acres of federally owned land
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in Sections 1 through 4 and 9 through 15 of T2S, R70W, 6th Principal Meridian. Major bulkdings are located
within the Plant security area of approximately 400 acres. The security area is surrounded by a buffer zone
of approximately 6,150 acres (Figure 1-2)

132 1 Topography

The natural environment of the Plant and vicinity is influenced primarily by its proximity to the Front
Range of the Rocky Mountains. The Plant is directly east of the north-south trending Rocky Mountains, with
an elevation of approximately 6,000 feet above sea level Rocky Flats Plant is located on a broad, eastward
sloping plain of coalescing alluvial fans developed along the Front Range The fans extend about five miles
in an eastward direction from their origin at Coal Creek Canyon and terminate on the east at a break in slope
to low rolling hills The continental divide is about 16 miles west of the Plant The operational area at the Plant
is located near the eastern edge of the fans on a terrace between stream-cut valleys (North Walnut Creek and

Woman Creek)

13 2 2 Surface Water Hydrology

Three intermittent streams drain the Rocky Flats Plant with flow generally from west to east These
drainages are Rock Creek, Walnut Creek, and Woman Creek (Figure 1-2) Rock Creek drains the northwestern
comer of the Plant and flows northeast through the buffer zone to its off-site confluence with Coal Creek An
east-west trending topographic divide bisects the Plant separating the Walnut and Woman Creek drainages
North and South Walnut Creeks and an unnamed tributary drain the northern portion of the Plant security area
These three forks of Walnut Creek join in the buffer zone and flow to Great Western Reservoir approximately
one mile east of the confluence Woman Creek drains the southern Rocky Flats Plant buffer zone flowing
eastward tp Standley Reservoir The South Interceptor Ditch lies between the Plant and Woman Creek The
South Interceptor Ditch collects runoff from the southern Plant security area and diverts it to Pond C-2, where
it Is monitored in accordance with the Plant National Pollutant Discharge Elimination System (NPDES) permit

prior to discharge to Woman Creek
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1.3.2.3 Regional and Local Hydrogeology

Geologic units at the Rocky Flats Plant (in descending order) are the surficlal units (Rocky Flats
Alluvium, various terrace alluviums, valley fill alluvium, and colluvium) (Figure 1-3) and bedrock (Arapahoe
Formation, Laramie Formation, and Fox Hills Sandstone) (Figure 1-4) Ground water occurs under unconfined
conditions in both the surficlal and subcropping bedrock units. In addition, confined ground-water flow occurs

in bedrock sandstones.

Rocky Flats Alluvium

The Rocky Flats Alluvium underlies a large portion of the Plant  The alluvium is a broad fan deposit
consisting of a topsoil layer underiain by up to 100 feet of silt, clay, sand, and gravel Unconfined ground-
water flow occurs in the Rocky Flats Alluvium which is relatively permeable Recharge to the alluvium is from
precipitation, snowmelt, and water losses from ditches, streams, and ponds that are cut into the alluvium.
General water movement in the Rocky Flats Alluvium is from west to east and toward the drainages. Ground-
water flow is also controlled by paleochannels in the top of bedrock The water table in the Rocky Flats
Alluvium rises in response to recharge during the spring and declines during the remainder of the year
Discharge from the alluvium occurs at minor seeps in the colluvium that covers the contact between the
alluvium and bedrock along the edges of the valleys. The Rocky Flats Alluvium thins east of the Plant boundary
and does not directly supply water to wells located downgradient of Rocky Flats Plant.

Various other alluvial deposits occur topographically below the Rocky Flats Alluvium in the Plant
drainages Colluvium (slope wash) mantles the valley side slopes between the Rocky Flats Alluvium and the |
valley bottoms In addition, remnants of younger terrace deposits including the Verdos, Slocum, and Louviers
Alfuvid 6ccur oecasionally dlong the valléy side slopes Recent valley fill alluvium occurs in the active stream

channels
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Unconfined ground-water flow occurs in these surficial units. Recharge Is from precipitation, percolation
from streams during periods of surface water runoff, and by seeps discharging from the Rocky Flats Alluvium.
Discharge is by evapotranspiration and by seepage into other geologic formations and streams. The direction
of ground-water flow is generally downslope through colluvial materials and then along the course of the stream
in valley fill materials. During periods of high surface water flow, water is lost to bank storage in the valley fill

alluvium and retums to the stream after the runoff subsides.

Arapahoe Formation

The Arapahoe Formation underlies surficial materials beneath most of the Plant except beneath the
western portion of the Plant. From approximately the middle of the west buffer zone and west almost to
Highway 93, the Laramie Formation unconformably underlies the Rocky Flats Alluvium The Arapahoe
formation is a fiuvial deposit composed of overbank and channel deposits It consists predominantly of
claystones with some siltstones and sandstones. Total formation thickness varies up to 270 feet (Robson et
al, 1981a), and the unit is nearly flatdying beneath the central and eastern portions of the Plant The sandstone
bodies within the claystone are composed of very fine-grained sand, silt, and clay A site-wide geologic
characterization is ongoing at the Plant to further characterize bedrock geology (EG&G, 1990b and Rockwell

International, 1989b)

The Arapahoe Formation is recharged by ground-water movement from overlying surficial deposits.
The main recharge areas are under the Rocky Flats Alluvium, although some recharge from the colluvium
and valley fill alluvium likely occurs along the stream valleys Recharge is greatest during the spring and early
summer when rainfall and stream flow are at a maximum and water levels in the Rocky Flats Alluvium are high
Ground-water movement in the Arapahoe Formation is generally toward the east, aithough flow within individual
sandstones is controlled locally by the channel geometries Regionally, ground-water flow in the Arapahoe

e e oo & oRormation is toward*thie South Platte River-in thescenter of the Denver Basin (Robson-et ah;-1981a) -
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The Laramie Formation underiies the Arapahoe Formation and is composed of two units a thick upper
unit composed predominantly of claystone and a lower unit which contains coal and sandstone The upper
Laramie Formation is greater than 700 feet thick and is of very low hydraulic conductivity; therefore, the U S
Geologic Survey (Hurr, 1976) conciudes that Plant operations will not impact any units below the upper
claystone unit of the Laramie Formation.

|
The lower sandstone unit of the Laramie Formation and the underlying Fox Hills Sandstone comprise

a regionally important aquifer in the Denver Basin known as the Laramie-Fox Hills Aquifer (Robson, 1983)
These units subcrop west of the Plant and can be seen in clay pits excavated through the Rocky Flats Alluvium
The steeply dipping beds of these units quicidy flatten to the east. Recharge to the aquifer occurs along the
rather limited outcrop area exposed to surface water fiow and leakage along the Front Range (Robson et al ,
1981b)

1324 Meteorology

The area surrounding the Rocky Flats Plant has a semiarid climate characteristic of much of the central
Rocky Mountain region Approximately forty percent of the 15-inch annual precipitation falls during the spnng
season, much of it as wet snow Thunderstorms (June to August) account for an additional thirty percent of
the annual precipitation. Autumn and winter are drier seasons, accounting for nineteen and eleven percent of
the annual precipitation, respectively Snowfall averages 85 inches per year, falling from October through May
(US DOE, 1980)

Special attantion has been focused on dispersion meteorology surrounding the Plant due to the remote
possibility that significant atmospheric releases might affect the Denver metropolitan area Studies of air flow

P T g IS persion ERATAEérstcS {e'g", Hodiih, 1983 and 1984) indicate that drainage flows (winds coming down » -«

off the mountains to the west) turn and move toward the north and northeast along the South Platte River vailey
and pass to the west and north of Brighton, Colorado (U S DOE, 1986)
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13 2.5 Surrounding Land Use and Population Density

The Rocky Flats Plant is located in a rural area. Approximately 50 percent of the area within ten miles
of the Rocky Flats Plant is in Jefferson County The remainder is located in Boulder County (40 percent) and
Adams County (10 percent) According to the 1973 Colorado Land Use Map, 75 percent of this land was
unused or was used for agriculture Since that time, portions of this land have been converted to housing, with
several new housing subdivisions being started within a few miles of the buffer zone

A recent demographic study shows that approximately 12 2 million people lived within 50 miles of the
Rocky Flats Plant in 1989 (US DOE, 1990b) Approximately 9,100 people lived within five miles of the Plant
in 1989 (US DOE 1990b) The most populous sector was to the southeast, toward the center of Denver
Recent population estimates registered by the Denver Regional Council of Governments (DRCQG) for the eight-
county Denver metro region have shown distinct patterns of growth between the first and second halves of the
decade Between 1980 and 1985, the population of the eight-county region increased by 197,890, a 2 4 percent
annual growth rate Between 1985 and 1989 a population gain of 71,575 was recorded, representing a 10
percent annual increase (the national average) The 1989 population showed an increase of 2,225 (or 0 1

percent) from the same date in 1988 (DRCOG, 1989)

There are eight public schools within six miles of the Rocky Flats Plant The nearest educational
facility is the Witt Elementary School, which is approximately 2 7 miles east of the Plant buffer zone The
closest hospital is Centennial Peaks Hospital located approximately seven miles northeast. The closest park
and recreational area is the Standley Lake area, which is approximately five miles southeast of the Plant.
Boating, picnicking, and limited ovemight camping are permitted Several other small parks exist in
communtties within ten miles The closest major park, Golden Gate Canyon State Park, located approximately
15 miles to the southwest, provides 8,400 acres of general camping and outdoor recreation Other national
and state parks are located in the mountains west of the Rocky Flats Plant, but all are more than 15 miles

k3 -~
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away

Some of the land adjacent to the Plant Is zoned for industrial development Industrial facilities within
five miles include the TOSCO laboratory (40-acre site located two miles south), the Great Westemn inorganics
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Plant (two miles south), the Frontier Forest Products yard (two miles south), the idealite Lightweight Aggregate
. Plant (2.4 miles northwest), and the Jefferson County Airport and Industrial Park (990-acre site located 4 8 miles
northeast)

Several ranches are located within ten miles of the Plant, primarily in Jefferson and Boulder Counties.
They are operated to produce crops, raise beef cattie, supply miltk, and breed and train horses. According
to the 1987 Colorado Agricuitural Statistics, 20,758 acres of crops were planted in Jefferson County (total
land area of approximately 475,000 acres) and 68,760 acres of crops were planted in Boulder County (total
land area of 405,760 acres) Crops consisted of winter wheat, com, barley, dry beans, sugar beets, hay, and
oats Livestock consisted of 5,314 head of cattle, 113 hogs, and 346 sheep in Jefferson County, and 19,578
head of cattle, 2,216 hogs, and 12,133 sheep in Boulder County (Post, 1989)

1326 Ecology

A variety of vegetation thrives within the Plant boundary Included are species of flora representative
| . of tall-grass prairie, short-grass plains, lower montane, and foothiil ravine regions None of these vegetative
- " species are on the endangered specles list. It is evident that the vegetative cover along the Front Range of
the Rocky Mountains has been radically altered by human activities such as burning, timber cutting, road
building, and overgrazing for many years Since the acquisttion of the Rocky Flats Plant property, vegetative
recovery has occurred, as evidenced by the presence of disturbance-sensitive grasses species like big
bluestem (Andropogon gerardil) and sideoats grama (Bouteloua curtipendula) No vegetative stresses
attributable to hazardous waste contamination have been identified (US DOE, 1980)

The animal iife inhabiting the Rocky Flats Plant and ts buffer zone consists of species associated with
western prairie regions The most common large mammal is the mule deer (Odocoileus lemionus), with an
estimated 100 to 125 permanent residents. There are a number of small carnivores, such as the coyote (Canis
s w4 o e latrans), red fox (Vulpes-fulva), striped skunk (Mephitis mephis), and long-talled weasel (Mustela frenata) A

profusion of small herbivores consisting of species such as the pocket gopher (Thomomys sp and
Perognathus sp ), white-talled jackrabbit (Lepus townsendii), and the meadow vole (Microtus pennsylvanicus)
‘ can be found throughout the Plant and buffer zone (U S DOE, 1980)
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' Commonly observed birds include westem meadowlarks (Sturmnella negiecta), homed larks (Eremophila
alpestris), mourning doves (Zenaidura macroura), and vesper sparrow (Pooecetes gramineus) A variety of
ducks, kilideer (Charadrius vociferus), and red-winged black birds (Agelaius phoeniceus) are seen in areas
adjacent to ponds. Mallards (Anas platyrhynochos) and other ducks (Anas sp ) frequently nest and rear young
on several of the ponds Common birds of prey in the area include marsh hawks (Circus cyaneus), red-tailed
hawks (Buteo jamaicensis), ferruginous hawks (Buteo regalis), rough-legged hawk (Buteo lagopus), and great
homed owis (Bubo virginianus) (U S DOE, 1980) -

Bull snakes (Pituophis melanoleucus) and rattlesnakes (Crotalus sp ) are the most frequently observed
reptiles Eastern yellow-beliled racers (Coluber constrictor) have also been seen The eastern short-homed
lizard (Phrynosoma douglassi brevirostre) has been reported on the site, but these and other lizards are not
commonly observed The western painted turtle (Chrysemys picta) and the western plains garter snake
(Thamnophis radix) are found in and around many of the ponds (US DOE, 1980)

. The bald eagle and the black-footed ferret are the two endangered species which were identified as
potentially present at Rocky Flats Plant by the US Fish and Wildlife Service Bald eagles are occasional
visitors to the area primarily during migration times However, eagle sightings are rare and little suttable habitat
exists at the Plant. No bald eagle nests have been found on the Plant site Prairie dogs provide the food
source and habitat for black-footed ferrets Since there are no prairie dog towns in or near the 881 Hillside
Area, ferrets probably do not exist at Operable Unit No 1 Subsequent to a field visit on June 15, 1988, the
U S Fish and Widiife Service has concurred with these findings (Rockwell International, 1988c)

14 ILLSIDE SITE AND DESCRIPTI

This RF1/Rl Work Plan addresses the 881 Hillside Area located on the south side of the Rocky Flats

-.Plant security area. These sites were designated high priority sites because of their suspected _Jelatbnshlp

to ground-water contamination (US DOE, 1987a) Several sites are included in the area because of their

. physical proximity to each other Figure 1-5 shows the location of the 881 Hillside Area and presents the IHSS

locations within the area
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There are 12 sites designated as IHSSs located within Operable Unit No. 1 These sites are

. Ol Sludge Pit Site (JIHSS Ref No 102),

. Chemical Burial Site (IHSS Ref No 103),

. Liquid Dumping Site (IHSS Ref No. 104),

o Out-of-service Fuel Ol Tank Sites (IHSS Ref Nos. 105 1 and 105 2),
. Outfall Site (HSS Ref No 108),

. Hillside Ofl Leak Site (fHSS Ref No 107),

. Multiple Solvent Spill Sites (IHSS Ref Nos. 1191 and 1192),

. Radioactive Site - 800 Area Site #1 (IHSS Ref No 130),

. Sanitary Waste Line Leak Site (IHSS Ref No 148), and

. Building 885 Drum Storage Site (IHSS Ref No 177)

The site descriptions presented in the following sections are taken from the Rocky Flats Plant CEARP
Phase | Report (US DOE, 1986), the RCRA Part B Operating Permit Application (Rockwell International,
1987c), and the Phase Il Remedial Investigation Report for High Priority Sites (Rockwell Iinternational, 1988a)
The following descriptions also include a more recent review of historical aerial photography

141 i SI Pt Site (IH

Approximately 30 to 50 drums of oil sludge were emptied into a pit south of Building 881 in the late
1950s, and the pit was later covered (Rockwell Internationai, 1987c) Based on interviews with Piant personnei,
the sludge was reportedly collected during cleaning of the two No 6 fuel oil tanks south of Building 881 (IHSS
Ref Nos 105 1 and 105 2) in 1958 (Rockwell International, 1987¢c) However, the pit appears to have been in
existence in 1955 based on aerial photography of the area In the 1955 photos, the oil sludge pit is located
approximately 500 feet south of Building 881 and measures approximately 40 feet by 70 feet in dimension The

pit appears to contain oily liquids, and seepage from the pit is evident Also apparent on the 1955 photo is a
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small pond adjacent to Woman Creek. Drainage from the Ol Sludge Pit Site appears directed toward this
pond The ofl sludge pit was covered after its use (Rockwell international, 1987c), and the pit and seepage are

no fonger visible on 1959 aerial photographs.

142 Chemical Burial Site (IHSS Ref. No. 103)

An area south of Bullding 881 was reportedly used to bury unknown chemicals (U $ DOE, 1986)
The exact location, dates of use, and contents of the site are unknown This site was originally thought to
be located in the same area as the Oil Sludge Pit Site (Rockwell International, 1987c) However, a pit
apparently filled with liquid is evident approximately 150 feet southeast of Bullding 881 on 1963 aerial
photographs This pit is roughly circular on the photos and measures approximately 50 feet in diameter

143 Liquid Dumping Site (IHSS Ref No, 104)

An area east of Buiiding 881 was reportedly used for disposal of unknown liquids and for disposing
empty drums prior to 1969 (U S DOE, 1986) A pit was reported with plan dimensions of approximately 50
by 50 feet based on 1965 aerial photographs (Rockwell international, 1987c) However, further review of
these historical aerial photos indicates the identified "pit* may be a shadow on the photo The Liquid Dumping
Pit Sie is hikely the same location as the Chemical Burial Site, however, the area originally identified as the

Liqud Dumping Pit will also undergo additional investigation to venfy its absence

144 k Sites (I Nos 1 1

Two out-of-service No 6 fuel oif tanks are located immediately south of Building 881 (Figure 1-6) These
tanks were used from 1958 through 1976 They were filled with asbestos-containing material and then with
concrete subsequent to their use (presumably in 1976), (Rockwell International, 1987c) These tanks tested

tight when they were pressure tested in 1973 (Rockwell International, 1887¢)
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145 Outfall Site (IHSS Ref. No. 106)

A six-inch diameter vitrified clay pipe outfall existed south of Building 881 which discharged water in
December 1977 Previous reports indicated that this was a cleanout pipe for an overflow line from the Bullding
881 cooling tower (Rockwell International, 1987c) However, review of construction drawings during the
Phase Il Rl indicated that the pipe is an overflow line from the sanitary sewer sump in Bullding 887 (Figure 1-6)

146 Hil i 1

In May 1973, an oil leak was discovered on the hillside south of Building 881 The source of the oil
was believed to be the two No 6 fuel oil tanks (IHSSs 105 1 and 105 2) south of the buiiding, however,
pressure testing of the tanks and associated lines in 1973 did not reveal any leaks (Rockweil International,
1987c) The oil spill was contained with straw, and the straw and soil were removed and disposed of in the
Present Landfill north of the Plant (Rockwell International, 1987¢)

It was later discovered that the oil had emerged through the Building 881 footing drain outfall (Figure
1-6) A ditch and concrete skimming pond were buiit below the footing drain outfall to contain the oil (Owen
and Steward, 1973) These structures are still present, aithough no oll has been observed In the outfall since

1973 (Rockwell international, 1987c)

147 Myt i 119.1 1

Beginning in 1967, two areas east of Building 881 and along the southern perimeter road were used
as barrel storage areas The barrels contained unknown quantities and types of solvents and wastes The
two facilties were expanded between 1967 and 1971, with major expansion occurring in 1969 Barrel storage
in these areas was discontinued, and all barrels were removed by 1972 The exact types and quantities of
solvents stored at this facility are unknown (Rockwell International, 1987¢c) IHSS 119 1 Is the larger western
barrel storage area, and |HSS 119 2 Is the eastern barrel storage area The site boundaries shown on Figure
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1-5 represent the extent of soll disturbance associated with the sites. Actual barrel storage areas within each
site are aiso shown.

148 Radioactive Site - 800 Area #1 (IHSS Ref. No, 130)

An area east of Bullding 881 and northwest of IHSS 119 1 was used between 1969 and 1972 to dispose
of soil and asphalit contaminated with low levels of piutonium The materials at this site were derived from three

sources on the Plant site

In September 1969 approximately 320 tons [250 cubic yards (llisley, 1978)] of plutonium-contaminated
soil and asphalt were removed from the west side of Building 776 and placed on the 881 Hillside (Owen and
Steward, 1973) The soil and asphalt were contaminated during the May 11, 1969, fire in building 776, and had
an estimated average plutonium activity of 7 4 disintegrations per minute per gram (dpm/g) [3 36 picoCuries
per gram (pCl/g)] The total piutonium concentration of this material was estimated to be 14 milligrams (mg)
{864 microCuries (xCl)] (Putzier, 1970) Material from the 1969 fire was buried under one to two feet of fill dirt
(Owen and Steward, 1973)

In August 1970, a section of the Central Avenue roadway between Eighth and Tenth Streets was
removed and placed on the 881 Hillside at IHSS 130 (Owen and Steward, 1973) This stretch of road was
radioactively contaminated in June 1968 by a leaking drum in transit from the 903 Drum Storage Site to
Building 774 (Owen and Steward, 1973) The exact quantity and radioactivity of the material removed from

Central Avenue are unknown

The third episode of soil disposal at IHSS 130 occurred in 1972 (Owen and Steward, 1973)
Approximately 60 cubic yards of plutonium-contaminated soil were removed from around the Building 774
process waste tanks and placed on the 881 Hillside (Owen and Steward, 1973) The soil was placed on top
of previously deposited soils at IHSS 130 and covered with approximately three feet of fill dirt (llisley, 1978)
The estimated total long-lived alpha activity of this soil is less than 250 dpm/g (llisley, 1978)
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The four-inch, cement-asbestos sanitary sewer line located south of Building 881 leaked in January
1981 An earthen dike was constructed to prevent the spil from entering the South Interceptor Ditch, and
the line was repaired The line conveyed sanitary wastes to the sanitary treatment plant and did not carry
hazardous or radioactive materials Conveyance of laundry wastewater, which may have contained low levels
of radioactive materials, was discontinued in 1973 (Rockwell international, 1987c) Recent review of Bullding
881 construction drawings indicates that the only sanitary waste lines presently located south of the bullding
are the six-inch overflow line from Building 887 (IHSS 106) and an eight-inch vitrified clay pipe which runs east-
west into Building 887 (Figure 1-6) Presumabiy, the four-inch, cement-asbestos sewer line was replaced

subsequent to the waste line leak

1410 Buyildi t IHSS R 1

Building 885, immediately south of Building 881, is currently used for satellite collection and 90-day
accumulation of RCRA regulated wastes (Figure 1-6) The building will be closed under RCRA Interim Status
(40 CFR 265) Complete information on this site is provided in the RCRA Internm Status Closure Plan which
Is appended to the revised Post-Closure Care Permit Application for hazardous and radioactive mixed wastes
at the Rocky Flats Plant (Rockwell International, 1988d) Any ground-water contamination from this site will

be addressed by the remedial action for Operable Unit No 1
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. SECTION 2
PHASE | AND PHASE Ii SITE EVALUATION

21 881 HILLSIDE AREA PREVIOUS INVESTIGATIONS

Remedial investigations were performed in two phases at the 881 Hillside Area The first phase of
Investigations began in March 1987, In accordance with the plans presented in U § DOE (1987a and 1887b)
The second phase of fleld work was performed subsequent to submittal of the draft 881 Hiliside Area Phase |
Rl Report and meetings with CDH and EPA to plan further work based on Phase | results

Objectives of the remedial investigations were to

. Verify waste source locations,
. Characterize waste sources,
. . Characterize site geology and hydrology,
. Determine the presence and extent of ground-water, surface water, and soll contamination,
. Provide data to estimate the potential for contaminant migration via the ground-water, surface

water, and air pathways, and
. Support feasibility studies of alternative remedial actions

The Phase | and Phase Il field programs consisted of

. Preparation of detailed topographic ste maps,
. Radiometric and organic vapor screening surveys,
. Geophysical surveys using electromagnetometry, resistivity, magnetometry, and metal detection,

. Soll gas sampling using the Petrex method,

. Drilling, sampling, and chemical analyses of subsurface soils from 17 Phase | boreholes and 6
Phase Il boreholes {Figure 2-1),
) . installation of 4 alluvial wells and 3 bedrock wells during Phase i drilling and 11 alluvial weils and
| 1 bedrock well during Phase Il driling (Figure 2-1),
,. . Packer testing of cored bedrock weils,
! . Slug testing on all new wells containing sufficient water for testing,
f ! :(I)CN:'V. :_t:?g ;Ml Rll.ps\la?tcsw - 881 HILLSIDE AREA OCTOU.’E?GE lgg‘:
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. Single hole pumping tests of wells 2-87 and 4-87,

. Quarterly sampling and analysis of ground water from all 1988 wells (up to five quarters of data)
and 1987 wells (in general, two samples for Phase | wells and one sample for Phase I wells)
in the study area In addition to older wells which had shown contamination in the past,

. Surface water sampling and analysis from stations along Woman Creek and the South
Iinterceptor Ditch, as well as from seeps and springs located in the area, and

. Bedioad sediment sampling and analysis in Woman Creek

In addition to the R activities at the 881 Hillside Area, several monitor wells were installed as part of
a Plant-wide hydrogeologic investigation in 1986 (Rockwell International, 1986e) Surface water, soil, and alr
samples have also been collected at these areas as part of various investigations, ground-water sampling has
been conducted in the area on a quarterly basis since the Phase |l Rl, and surface water sampling was
conducted monthly in 1989 Section 2 2 presents results of the previous Ris and a brief characterization of
each contaminant migration pathway at the 881 Hillside Area The nature and extent of contamination
associated with these pathways is discussed in Section 23 Section 3 discusses the need for and objectives
of the Phase il RFI/RI

22 SITE CONCEPTUAL MODEL

A site-specific conceptual model of the 881 Hillside Area has been developed based on previous
investigations This model descnibes contaminant sources and pathways through which contaminant transport

may occur from these areas

221 Geology

2211 Surficial Geology

Surficial materiais at the 881 Hillside Area consist of the Rocky Flats Alluvium, colluvium, valley fill
alluvium, and artificial fill unconformably overlying bedrock In addition, there are a few Isolated exposures of
claystone bedrock Figure 2-2 presents the distribution of surficlal materials The study area is located on the
south-facing hillside which slopes down from the Rocky Flats terrace toward Woman Creek on the south side

of the Plant Rocky Flats Alluvium caps the top of the slope, and colluvium covers the hillside Artificial fill and

FINAL PHASE III RFI/RI WORK PLAN - 881 HILLSIDE AREA OCTOBER 1990
COLORADO PAGE 2-3

ROCKY FLATS PLANT LDEN
eghg\BB1\ri-fs\sec-2 occt

-
= x - » 3 Tzl e

Bl o



disturbed surficlal materials are present around Bullding 881 and south of the building to the South interceptor
Ditch Artificial fill overiies colluvium at IHSS 130, and surficial materials are disturbed in the vicinity of IHSSs
1191 and 1192 Valley fill alluvium is present along the drainage of Woman Creek south of the 881 Hillside

Area, and terrace aliuvium occurs on the north side of the Woman Creek valley fill alluvium

Flats All

The Quaternary Rocky Flats Alluvium is the oldest and topographically highest alluvial deposit at the
Rocky Flats Plant (Scott, 1965) The Rocky Flats Alluvium is a series of coalescing alluvial fans deposited by
braided streams (Hurr, 1976) The erosional surface (pediment) on which the aliuvium was deposited slopes
gently eastward truncating the Fox Hills Sandstone, the Laramie Formation, and the Arapahoe Formation at

the Rocky Flats Plant

After deposttion of the Rocky Flats Alluvium, eastward flowing streams began dissecting the deposit
by headward erosion and lateral planation All of the alluvium was removed by erosion in the Woman Creek
drainage south of the 881 Hillside Area and in the South Walnut Creek drainage to the north The result is a
terrace of Rocky Flats Alluvium extending eastward from the Plant between the two drainages This terrace

forms the crest of the 881 Hillside Area

Huvium

Colluvial matenals are present on the hiliside below the Rocky Flats terrace east of Building 881 and
extend south to the Woman Creek drainage (Figure 2-2) These materials are deposited by siope wash and
downslope creep of Rocky Flats Alluvium and bedrock Colluvium ranges from two feet (BH16-87) to twenty-

two (well 62-86) feet in thickness I

Cofluvial materials on the 881 Hillside have been disturbed by construction of Bullding 881, various
excavation activities associated with the IHSSs, and construction of the South Interceptor Ditch These areas
are shown as disturbed ground on Figure 2-2 Within IHSSs 119 1 and 119 2, shallow excavation took place

to construct roadways and to provide level drum storage areas Colluvium is also disturbed south of Building
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881 in the wicinity of IHSSs 106 and 107 This area was excavated during construction of the skimming pond
in 1972 Finally, colluvium was excavated along the South Interceptor Ditch during its construction from 1979
to 1981

Colluvium is undisturbed on the hillside south of IHSSs 130, 119 1, and 119 2 and south of the penmeter
road The colluvium is thickest in the north-south trending swales draining the 881 Hiliside (wells 4-87 and
6-87) and thinnest over the intervening ridges (wells 48-87, 49-87, and 50-87) Colluvium consists

predominantly of clay with common occurrences of sandy clay and gravel layers

Gravel layers are present in colluvial materials both unconformably overlying bedrock and near the
surface These gravels are likely deposited in a south {downslope) direction by creep and slope wash erosion
of the Rocky Flats Alluvium and can be expected to be elongated in the north-south direction with a rather
limited extent in the east-west direction The gravel layers range from 1 3 feet (wells 43-87, 62-86, and 69-86)
to 5 § feet (well 59-86) In thickness Colluvial gravel deposits can be correlated between some of the wells and
boreholes For example, the basal gravel in well 53-86 can be traced to wells 63-86 and 8-87 Sand and

gravel layers in well 43-87 can also be correlated with sand and gravel layers in well 4-87 (Figure 2-3)

T Allyvium

A Quaternary terrace alluvium is present on the north side of the Woman Creek valley fill alluvium This
terrace is approximately five to ten feet above the present stream level indicating that it is probably Holocene
In age (Scott, 1960) The thickness of the deposit ranges from approximately three (well 58-86) to seven {well
55-87) feet The terrace alluvium Is composed of very poorly sorted gravelly sand

Valley Fill Altuvium

The most recent alluvial deposit in the 881 Hillside Area is the valley fill alluvium along Woman Creek
This alluvium is derived from reworked and redeposited older alluviums and bedrock Alluvium thickness
ranges from approximately six feet (well 68-86) to nine feet (well 64-86) The unconsolidated valley fill alluvium

consists of generally sorted, angular to subrounded granite and quartzite cobbles, pebbles, and gravels in a

silty sand matrix.
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There are two types of artificial fill on the 881 Hillside (Figure 2-2) derived from separate sources. The
\ first is fill material derived from excavation of the Building 881 foundation, and the second is sod placed at
IHSS 130 (Section 1 4 8)

Material excavated for the Bullding 881 foundation was spread over a large area generally south of the
building The very poorly sorted and unconsolidated artificial fill was derived from Rocky Flat Alluvium,
colluvium, and claystone bedrock It is predominantly composed of sandy clay with some gravelly zones

Solls placed at IHSS 130 comprise the second type of artificial fill it consists of clayey sand with
subangular quartzite cobbles Asphalt was also encountered from 0 to 2 75 feet in BH11-87 The fill at IHSS
130 overlies natural colluvial materials in borehole BH11-87, approximately five feet of fill are present, with fill
thickness increasing to approximately ten feet in BH10-87 The artificial fill at IHSS 130 was unsaturated

. during the Phase Il Ri drilling program
2212 Bedrock Geology

The Cretaceous Arapahoe Formation underlies surficial matenals at the 881 Hillside Area The bedrock
beneath the 881 Hillside consists of claystones with interbedded lenticular sandstones, siltstones, and
occasional minor lignite deposits The bedrock sediments were deposited by meandering and braided streams
flowing generally from west to east off the Front Range (Weimer, 1973) Sandstones were deposited in stream
channels and as overbank splays, claystones were deposited in back swamp and floodplain areas Leaf
fossils, organic matter, and lignite beds were encountered within the claystones during drilling at the 881

. Hillside Contacts between various lithologies are both gradational and sharp Based on preliminary resuits
of the ongoing high resolution seismic reflection program at Rocky Flats Plant, bedrock in the 881 Hillside Area
is dipping less than two degrees to the east. The seismic investigation along with the geologic characterization
provide strong evidence that some sandstones at the Plant are quite continuous. Further determination of the

‘ sandstones' extent Is necessary
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Arapahoe Formation claystone was the most frequently encountered lithology immediately below the
alluvium/bedrock contact. Claystones are generally thinly bedded and contain occasional laminae and
interbeds of fine-grained sand and siit (wells 3-87, 45-87, and 47-87) Intervals of carbonaceous material and

fossils (mainly plant fragments and leaves) are also common in the claystones.

Weathered bedrock was encountered directly beneath surficial materials in all of the boreholes and
wells, and weathering appears to penetrate between approximately two (borehole BH16-87) and 60 feet (well
62-86) into bedrock Claystone in the weathered zone are generally consolidated and exhibit blocky structure,
while sandstones in the weathered zone are typically friable iron oxide staining and concretions along with
caliche are characteristic of the zone The weathered claystone is also characterized by mild fracturing and
slightly higher hydraulic conductivities than unweathered claystone In well 5-87 and abandoned hole 7-87A,
claystone was mildly fractured from the alluvium/ bedrock contact to depths of approximately 46 and 26 feet,
respectively A 45 degree fracture was also identified in weathered claystone in well 8-87 at a depth of
approximately 54 feet. The geometric mean of hydraulic conductivities based on three packer tests in well 5-87
was 7 x 10”7 centimeters per second (cm/s) or 0 7 feet per year (ft/yr) The range for that weil was 2 x
10”7 cm/s to 2 x 107 cm/s A packer test in weathered claystone in well 8-87 also yielded a hydraulic
conductivity value of 7 x 10”” cm/s

Unweathered bedrock occurs between 37 7 (well 8-87) and 56 feet (well 3-87) below ground surface
The unweathered claystones are typically darker gray than weathered claystone and have little mottiing They
are also more consolidated than weathered claystones and exhiblit littie to no fracturing The geometric mean
hydraulic conductivity of unweathered claystones beneath the 881 Hillside is 1 x 10°7 cm/s, or 0 26 ft/yr based
on packer tests in wells 3-87, 8-87, and 45-87

Sandstones

Arapahoe Formation sandstones were encountered beneath the 881 Hillside in holes 59-86, 62-86, 3-87,
5-87, 6-87A, 7-87A, 8-87, and 45-87 These sandstones are generally composed of well sorted, subrounded
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to rounded, very fine- to medium-grained, poorly to moderately well cemented quartz sand with up to 10% lithic
fragments The thickness of individual sandstone beds ranged from approximately five feet (well 5-87) to twelve
feet (well 8-87) The sandstone in well 45-87 (89.5 to 100 8 feet below ground surface) is generally thinly
bedded and often contain laminae and interbeds of clay and siit (up to two inches thick in well 45-87)

Sandstones encountered in holes 5-87, 6-87A, 7-87A, and 8-87 are weathered Waeathered sandstones
ranged from olive gray to moderate yeliowish brown in color with brown, orange, and yellow iron oxide
staining Weathered sandstones were described as being friable and brittle Based on packer tests in well 5-87,
weathered sandstone had a mean hydraulic conductivity of 39 x 10" cm/s. Unweathered sandstones are
lithologically similar to the weathered sandstones and were found in wells 45-87 and 3-87, at 89 5 feet and 103
feet, respectively Unweathered sandstones are generally medium dark gray to pale olive in color with
infrequent staining of brown and yellows The deeper unweathered sandstones are generally more
consolidated than weathered sandstone Based on packer tests in well 3-87, unweathered sandstones had a
mean hydraulic conductivity of 12 x 10”7 cm/sec The orientation, geometry, and extent of bedrock
sandstones at the 881 Hillside are not well defined at this time A high resolution seismic reflection program
and a Plant-wide geologic characterization are ongoing to better characterize bedrock stratigraphy

A saturated lignite bed was encountered from approximately 85 to 88 fest below ground surface in well
8-87 and between approximately 87 8 to 88 1 feet below ground surface in well 3-87 Very carbonaceous-rich
claystones occur frequently in this stratigraphic horizon Based on a two degree dip of the bedrock, the two

lignite layers correlate and are presumably continuous

222 Hydrogeology

Unconfined ground-water flow occurs in surficial materials and subcropping sandstones In addition,
subcropping claystone may be saturated in some locations Confined ground-water flow occurs in deeper

sandstone units
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2221 Unconfined Flow System

Ground water is present in the Rocky Flats Alluvium, colluvium, valley fill alluvium, and subcropping
sandstones under unconfined conditions Recharge to the water table occurs as infiltration of incident
precipitation and as seepage from ditches and creeks. In addition, retention ponds along Woman Creek likely
recharge the valley fill alluvium.

The shallow ground-water flow system is quite dynamic, with large water level changes.occurring in
?

response to precipitation events and stream and ditch flow Afluvial water fevels are highest during the spring
i

and early summer months of May and June Water levels decline during late summer and fall, and some wells

go dry at this time of year

There is a strong downward gradient between ground water in surficial materials and bedrock Vertical
gradient data are pravided In the Rl report (Rockwell International, 1988a) Calculated vertical gradients ranging
from about 0 3 to 2 ft/ft indicate a hydraulic potential for downward flow

Figures 2-4, 2-5, 2-6, and 2-7 depict the water table in surficial materials in January, May, August, and
October 1989, respectively Ground water flows from the Rocky Flats Alluvium at the top of the 881 Hillside
generally southeast through coliuvial materials toward Woman Creek At the Rocky Flats pediment edges,
ground water emerges as seeps and springs at the contact between the alluvium and claystone bedrock
(contact seeps), is consumed by evapotranspiration, or flows through colluvial materials following topography
toward the valley fill and terrace alluviums Flow through coliuvial materials appears to primarily‘ occur in the
gravel within the colluvium Available water level data for well 47-87 indicate that ground water is below the
base of the South Interceptor Ditch (Figure 2-3), aithough there could be discharge to the ditch during wet
periods Once ground water reaches the valley, it either flows down-valley in the alluvium (easterly), is
consumed by evapotranspiration, or discharges to Woman Creek During the driest portions of the year,

evapotranspiration can result in no flow in either the colluvium or the valley fill alluvium
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Ground-water Flow Rates
®

Hydraulic conductivity values were calculated for surficial materials based on resuits of drawdown-
recovery tests performed on 1986 wells during the initial site characterization (Rockwell international, 1986e)
and on results of baildown/recovery and single well pumping tests performed on select 1986 and 1987 wells
during remedial investigations (Rockwell International, 1987a, 1988a, and 1989a)

Hydraulic conductivity values are avallable for three wells completed in colluvium at the 881 Hillside,
two are completed in gravel layers (wells 69-86 and 4-87) and one is completed in sandy clay (well 2-87) The
test results indicate hydraulic conductivities of 9 x 10™* cm/s and 7 x 10°* cm/s for the grave! layers and 4 x
10°° cmy/s for the sandy clay Using the maximum hydraulic conductivity value of 9 x 10™* cm/s, a gradient
of 0 15 for colluvial materials at the hillside, and an assumed effective porosity of 0 1, the maximum possible
ground-water velocity through colluvial materials Is approximately 1,400 ft/yr Using the geometric mean
hydraulic conductivity of 1 x 10™* cm/s, a gradient of 0 15, and an effective porostty of 0 1, the mean ground-
water velocity through colluvium 1s approximately 155 ft/yr Volatile organic contaminants from |HSSs 119 1
and 130, based on chemical data presented in Section 2 3, have not yet reached well 47-87 due to attenuation
mechanisms inthe area (That well was usually dry, but the samples that were obtained did not contain volatile
organic concentrations above detection limit) Those data wili be verified in Phase iil, but current evidence
suggests that organic contaminants in ground water from {HSS 119 1 have moved less than 200 feet in 15 to
18 years (11 to 13 ft/yr) This represents an estimate of organic contaminant migration rate, including the
effects of retardation and attenuation, not ground-water flow rate There is one report of PCE [8J xg/¢t -
estimated below detection limit and flagged "A" (accepted with qualifications)] at well 64-86 That is insufficient

to demonstrate contamination at that easterly location

Once ground water reaches the creek drainage, it travels within the alluvium east toward the property
boundary at Indiana Street Flow in the alluvium occurs In response to infiltration events, and the saturated
thickness decreases following the event by down-valley flow and evapotranspiration High evaporative losses
have been noted repeatedly in investigations of the valley fill alluvium Hurr (1976) notes that as much as 0 25

cubic feet per second were lost to evapotranspiration along Woman Creek during the period July to September,
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1974 In addition, both Rockwell International (1987¢) and the DOE (1980) comment on evapotranspirative
losses from the valley fill alluvium, based on water level records.

Based on evaluation of slug and drawdown/recovery tests, the Woman Creek valley fill alluvium has
a geometric mean hydraulic conductivity of 15 x 10~ cm/s (1,035 ft/yr) and a maximum conductivity of 3 x
107 cm/s (3,100 ft/yr) A hydraulic gradient of 0 021 was estimated from the grade of the alluvium base, and
an assumed effective porosity of 0 1 was used to calculate flow velocity The resulting ground-water flow
velocity ranges from 326 to 650 ft/yr using the geometric mean and maximum hydraulic conductivity values.

The inference that the ground water flows only three quarters of the year is based on water level data
from wells completed in Woman Creek alluvium Six of the nine wells completed in the Woman Creek alluvium
have been dry during at least some portion of the year since their installation The Phase il Rl report (Rockwell
International, 1988a) presents water level data which show that the valley fill alluvium is dry at wells 1-86, 64-86,
and 66-86 from about June to October (three months) Because the alluvium is not saturated for the full year,
a dissolved constituent travels only a portion of this distance each year Thus, a solute particle would travel
approximately 160 to 490 feet in valley fill alluvium during a year based on the average and maximum hydraulic
conductivity values Section 5 discusses additional hydraulic testing to estimate hydraulic conductivities as weil

as dispersion coefficients

2222 Confined Ground-water Flow System

The greatest potential for ground-water flow in the Arapahoe Formation occurs in the sandstones
contained within the claystones Ground-water recharge to sandstones occurs as infiltration from alluvial
ground water where sandstones subcrop beneath the alluvium and by leakage from claystones overlying the

sandstones '

Following Robson et al (1981a), flow within individual sandstones Is assumed to be from west to east,
but the geometry of the bedrock ground-water flow path is not fully understood at this time due to its

dependence upon the continutty of the sandstones and their hydraulic interconnection Evaluation of the lateral

FINAL PHASE 111 RFI/RI WORK PLAN - 881 HILLSIDE AREA OCTOBER 1990
ROCKY FLATS PLANT, GOLDEN, COLORADO PAGE 2-17
*q&g\881\r{-fs\sec-2 oct

s W a R R w - - o e Wur e o w +

A b * 7



‘ extent and degree of interconnection of the sandstone units is a primary goal of an ongoing program of
profiling the Arapahoe Formation through drilling and the high resolution seismic reflection studies.

Hydraulic conductivity values for sandstones were estimated from drawdown-recovery tests performed
in 1986, slug tests performed in 1987, and packer tests performed in 1986 and 1987 (Rockwell intemational,
1988a) Drawdown-recovery test resuits for wells 59-86, 62-86, and 5-87 in weathered sandstone were 3 x
107" cm/s, 3 x 10°* cmy/s, and 7 x 10°® cm/s with a geometric mean of 9 x 10 cm/s The variability of results
for sandstones is reasonable given their variable silt content Slug and packer tests typically yielded lower
hydraulic conductivity values sandstone in wells 62-86 and 5-87 had values of 6 x 10~ cm/s to 7 x 10°% cm/s
based on slug tests, and sandstone in wells 3-87 and 5-87 had values of 2 x 107 cm/s and 1 x 10~ cm/s

based on packer tests

223 Surface Water Hydrology
. 2231 Woman Creek

Woman Creek is located south of the 881 Hillside Area with its headwaters in largely undisturbed Rocky
Flats Alluvium Runoff from the southern part of the Plant is collected in the South Interceptor Ditch located

due north of the creek and delivered to Pond C-2 Pond C-1 (upstream of C-2) receives stream flow from
\ Woman Creek The discharge from Pond C-1 is diverted around Pond C-2 Into the Woman Creek channel
i downstream Water in Pond C-2 is discharged to Woman Creek in accordance with the Plant NPDES permit
(discharge point 007)

Flow in Woman Creek and the South Interceptor Ditch is intermittent, appearing and disappearing along
vanous reaches During the 1986 inttial site characterization, measurable flow occurred at less than one-half
of the ten stations located along Woman Creek and the South Interceptor Ditch (Rockwell International, 1986e)
All recorded flows, measured at the time of quarterly sampling events, were less than ten gallons per minute
During the 1986 and 1987 investigations, there was no surface flow in Woman Creek downstream of Pond C-

‘ 2 The intermittent surface water flow observed for Woman Creek and the South Interceptor Ditch is indicative

of frequent interaction with the shallow ground-water system
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23  NATURE AND EXTENT OF CONTAMINATION

231 Background Characterization

In order to facilitate the interpretation of chemical results in non-background areas, a background
characterization program has been implemented to define the spatial and temporal variabllity of naturally
occurnng constituents A plan was completed in January 1989 (Rockwell International, 1989c¢), field work was
conducted, and a draft Background Geochemical Characterization Report was prepared and submitted to the
regulatory agencies in December 1989 (Rockwell International, 1989d) The document summarizes the
background data for ground water, surface water, sediments, and geologic materials, and identifies prefiminary
statistical boundaries of background variability Spatial vanations in the chemistry of geologic materials and
water were addressed by placing sample locations throughout background areas at the Plant The goal of
evaluating temporal variations in water chemistry has not yet been achieved because at least two years of
quarterly data are needed The draft report is undergoing revision by incorporation of additional analytical data,
however, the information in the draft Background Geochemical Report has been used to preliminariy
characterize inorganic contamination at the 881 Hiliside Area. The revised report will also address evaluation

of outliers and the method of determining tolerance intervals for radionuclides

The boundaries of background vanability were quantified through the calculation of tolerance intervals
assuming a normal distribution Assumptions and statistical analyses of the background tolerance intervals
are presented in Rockwell International (1989d) The upper limit of the tolerance interval or the maximum
detected value for each parameter analyzed in background ground-water, surface water, sediment, and
geologic samples are provided In Tables 2-1 through 2-4, respectively Maximum detected values are provided
where there were Insufficient data to calculate tolerance intervals This condition resulted from either an
insufficient number of samples, or 'an insufficient number of detectable concentrations for a given analyte
Background samples were not analyzed for EPA Contract Laboratory Program (CLP) Target Compound List

(TCL) organics, because the background areas are outside of potentially contaminated areas

To assess the presence of inorganic contamination at the 881 Hillside Area, site-specific chemical data

are compared to the background tolerance intervals or the maximum detected value i a tolerance interval couid
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not be calculated A constituent concentration that is greater than the upper limit of the one-sided 95%
tolerance interval at the 95% confidence level will be considered to preliminarily represent contamination.
Although not statistically significant, site specific chemical concentrations above the maximum detected
background value are considered a very preliminary indication of contamination in the following assessment.

232 Solls

Phases | and Il of the Rl for Operable Unit No 1 focused on source characterization of preliminarily
identified past waste disposal sites Soll samples were collected from Rocky Flats Alluvium, colluvium, and
weathered claystone in 1987 in order to characterize the IHSSs. Figure 2-1 shows Phase | and Il Rl borehole
sampling locations These soil samples were analyzed for the parameters listed in Table 2-5 Table 2-6 lists
881 Hillside borehole sampling information including sample depths, material sampled, and target IHSSs. Soil

sampling results are presented in Appendix A.

2321 Volatlle Organic Compounds

Volatile organics data for soils previously collected from the 881 Hillside Area have been rejected during
the data validation process pnmanly due to inadequate sample size Although these data cannot be used to
quantitatively determine the extent of volatie organics contamination in this area, they are summarized here
because they provide a qualitative indication of the spatial distnbution of organic contamination in the soils and

the relative magnitude of the contamination Future analyses will provide quantitative data

Methylene chloride, acetone, and phthalates were generally ubiquitous contaminants in the 831 Hillside
soll samples There has been considerable debate as to whether they are truly contaminants of the soils
Although methylene chloride and acetone were in many of the laboratory blanks, the use of an inappropriately
small sample aliquot for soil analysis prevents conclusions as to whether these organics are contaminants of
the soil  The phthalate contamination may have resulted from sample handling although no testing has been
performed to verfy this hypothesis, and some phthalate levels are high Other evidence that supports the
contention of laboratory artifact includes the absence or infrequent occurrence of methylene chloride and

acetone in ground water (these contaminants are very mobile and soluble), and the presence of phthalates in
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. TABLE 2-5
PHASE I AXD PRASE 11 RI

SOURCE SAWPLING PARANETERS
$O0IL AND VASTE SANPLES

METALS
Hazardous Substances List - Netals

Alumirum
Antimony
Arsenic
Barium
Beryliium
Cadmium
Calcium
Chromium
Cobalt
Copper
1ron
Lead
Wagnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thatlium
Tin
Vanadium
2inc

‘ Other Metals
Chromium (hexavalent)

Chromium (trivalent)
Lithium
strontium

ORGANICS
Hazardous Substances List -- Volatiles
Chloromethane
Bromomethane
vinyt Chloride
Chloroethane
Methylene Chloride
Acetone
Carbon Disul fide
1,1-Dichloroethene
1,1-Dichloroethane
trans-1,2-Dichloroethene
Chloroform
1,2-Dichloroethane
2-Butanone
1,1,1-Trichloroethane
Carbon Tetrachloride
Vinyl Acetate
8romodichloromethane
1,1,2,2-Tetrachloroethane
1,2-Dichloropropane
trans-1,3-Dichloropropene
Trichloroethene
Dibromochloromethane
1,1,2-Trichloroethane
8enzene
. cis-1,3-Dichloropropene
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TARLE 2-3 (CONTINUED)

PRASE I AD PNASE 11 RI
SOURCE SAWPLING PARAMETERS
SOIL AND WASTE SANPLES

ORGANICS (CONT.)
Hazardous Substances List - Volatiles (Continued)

2-Chloroethyl vinyl Ether
Bromoform

2-Hexanone

4-Methyl -2-pentancne
Tetrachlorosthene
Totusne

Chiorobenzens

Ethyl Senzene

Styrene

Total Xylenes

Hazardous Substsnces List -- Semi-Volatiles

FINAL PHASE III RFI/R1 WORK
ROCKY FLATS PLANT, LDEN ¢
#g8g\881\ri-fs\sec-2 oct

N-Nitrosodimethylamine
Phenol

Aniline
bis(2-Chloroethyl))ether
2-Chlorophenot
1,3-Dichlorobenzene
1,4-0{chlorobenzene
8enzyl Alcohol
1,2-Dichiorobenzene
2-Methylphenol
bis(2-Chloroisopropyl )ether
4-Methylphenol
N-Nitroso-Ofipropylamine
Hiexachloroethane
Nitrobenzene

1sophorone

2-Nitrophenol
2,4-Dimethylphenot
Benzoic Acid
bis(2-Chloroethoxy)methane
2,4-Dichlorophenot
1,2,4-Trichlorobenzene
Naphtalene
4-Chloroaniline
Hexachlorobutadiene
4-Chloro-3-methyliphenol (para-chloro-meta-cresol)
2-Methylnaphthalene
Hexachlorocyclopentadiene
2,6,6-Trichlorophenol
2,4,5-Trichlorophenol
2-Chloronaphthalene
2-Nitroaniline

Dimethyl Phthalate
Acenaphthylene
3-Nitroaniline
Acenaphthene
2,4-Dinitrophenol
4-Nitrophenol
Dibenzofuran
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Diethylphthalate
4-Chlorophenyl Phenyl ether
Fluorene

4-Nitroaniline
4,6-Dinitro-2-methylphenol
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TABLE 2-5 (CONTINUED)

PUASE I AND PHASE 11 RI
SOURCE SAPLING PARANETERS
SOIL AND VASTE SANPLES

ORGAXICS (CONT.)

Hezardous Substances List -- Semi-Volatiles (Continued)
N-nitrosodiphenylamine
&-Bromophenyl Phenyl ether
Hexachlorobenzene
Pentachlorophenot
Phenanthrene
Anthracene
Di-n-butyiphthalate
Fluoranthene
Benzidine
Pyrene
Butyl Benzyl Phthalate
3,3'-Dichlorobenzidine
8enzo(a)anthracene
bis(2-ethylhexyl)phthatate
Chrysene
Di-n-octyl Phthalate
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene
Dibenz(a, h)anthracene
Benzo(g,h,i)perylene

Hazardous Substances List -- Pesticides/PCBS
alpha-8HC
beta-BHC
deita-BHC
gamma-BHC (L indane)
Heptachlor
Aldrin
Heptachlor Epoxide
Endosul fan 1|
Dieldrin
4,4 -DDE
Endrin
Endosul fan 1]
4,4'-D0D
Endrin Aldehyde
Endosul fan Sul fate
4,4'-007
Endrin Ketone
Methoxychlor
Chlordane
Toxaphene
AROCLOR-1016
AROCLOR-1221
AROCLOR- 1232
AROCLOR-1242
AROCLOR- 1248
AROCLOR- 1254
AROCLOR- 1260

Other Organics
0il and Grease
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‘ TARE 2-3 (CONTINUED)

PRASE 1 AND PRASE 11 RI
SOURCE SAMPLING PARAMETERS
SOIL AND WASTE SAWPLES

RADIOMUCL 1DES
Gross Alphs
Gross Beta
Ursnium 233+234, 235 and 238
Americium 241
Plutonium 2394240
Strontium 89 + 90
Cesium 137
Tritium

OTHER
pH
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contention of laboratory artifact includes the a practically every soil sample (not suggestive of contamination)
The available data cannot prove or disprove laboratory contamination for these samples.

Volatile chlorinated hydrocarbon contamination is apparently not extensive [t occurred in sois from
only 3 of the 23 boreholes [BH01-87 (IHSSs 107 and 177), BH57-87 (IHSS 119 1), and BH58-87 (IHSS 119 2)]
The highest concentrations detected were tetrachloroathene (PCE) at 190 micrograms per kilogram (xg/kg)
in BHO1-87, trichloroethene (TCE) at 150 xg/kg In BH57-87, and 1,1,1-trichoroethane (1,1,1-TCA) at 110 sg/kg
in BH57-87 Much lower concentrations (below or near detection limit) were reported for BH14-87 (TCE),
BH12-87 (PCE) and BH61-87 (1,1,1-TCA)

Boreholes wiil be drilled and samples collected from all IHSSs for organic analysis during the Phase
Il RFI/RI  An objective of this program will be to determine whether methylene chioride, acetone, and
phthalates are soil contaminants Other objectives include venfication of IHSS locations, assessment of the
vertical and horizontal distribution of organic contamination, and identification of maximum concentrations of

contaminants in suspected "hot spots”

2322 Metals

in general, metal concentrations in soil samples from Rocky Flats Alluvium, colluvium, and claystone
were within background levels Trace metals which occurred above background in these three materials
include antimony (3%), arsenic (30%), mercury (6%), cadmium (61%), manganese (1%), and barium (7%)
Parentheses indicate the percent of the samples exceeding the background range The metal data do not
demonstrate gradients away from specific IHSSs These generally low concentrations of metals above
background and their random spatial distribution does not suggest these metals represent contaminants The
metals which do exceed background are typically very close to the estimated background levels Arsenic and

cadmium are possible exceptions, reaching maxima of 24 miligrams per kilogram (mg/kg) and 6 4 mg/kg,

respectively
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2.3.2.3 Radionuclides

Radionuciides are analyzed by counting sub-atomic particle emissions, which is a random function
Since radioactive disintegration is a statistical process and therefore has a probability distribution, resuits are
reported as a measured value with an associated two standard deviation propagated error term following the
measured value Computation of tolerance intervals for radionuclides did not account for the error term
associated with each datum. Techniques are under investigation to account for propagation of error resulting
from computation For the purposes of this plan, the boundaries of the background variabliity for radionuclides
will be the tolerance intervals as computed In the draft Background Geochemical Characterization Report Site
radionuclide concentrations where the error term [s larger than the measured value are below the minimum
detectable activity (MDA) and are considered not statistically different from background Measured values
which do exceed their associated counting errors are considered above background If they are greater than
the upper limit of the tolerance interval Because this comparison does not account for the propagated error
associated with the upper limit of the background tolerance interval, this yields conservative interpretation of
the site data It is also noted that the upper limits of the tolerance intervals are similar in magnitude to the

maximum concentration observed for the data set.

Table 2-7 presents the percent of samples for each radionuclide detected above background at the
surface and in the subsurface However, samples were composited over varying depths so the reported values
are not representative of a thin surface veneer alone Plutonium and americium were only detected above
background in surface soils (the maximum concentrations of 091 + 038 pCi/g and 015 + 0 13 pCi/g,
respectively, were diluted by compostting) This contamination is probably derived from the 903 Pad Area by
wind dissemination of plutonium/americium contaminated dust More recently collected data for plutonium,
uranium 238, and uranium 233 + 234 concentrations in surface scrape samples are presented in Table 2-8
(US DOE, 1990c) Sample locations are shown in Figure 2-8 Plutonium concentrations were as high as 4 8
pCi/g in surface soils at the 881 Hillsidle Area These concentrations are typical of surface plutonium
concentrations in this vicinity and to the east within the Plant boundary (Rockwell International, 1987b) High
uranium concentrations occurred in Samples 16 through 19 Uranium which Is used at the Rocky Flats Plant
is depleted in uranium 233 and uranium 234, and therefore has a uranium 233 + 234 to uranium 238 activity

ratio of less than one The ratio for natural uranium Is greater than one The uranium Isotope ratios for these
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. TABLE 2-7
PERCENT OF SOIL SAMPLES WITH RADIONUCLIDES ABOVE BACKGROUND

. Percent of Surface* Percent of Subsurface
Uranium (Total) 6 6
Plutonium 239 + 240 11 0
Americium 241 6 0
Cesium 137 17 7
Tritium 6 3

*This tabulation represents a minimum number of samples that had radionuclides above background because
the surface soil samples were composites of thick (up to several feet) upper intervals

o
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TABLE 2-8

881 HILLSIDE 1988 SURFACE SCRAPE SAMPLING RESULTS

RADIONUCLIDE CONCENTRATION IN pCi/g

Sampie No Uranium 233 + 234 Uranium 238 Plutonium
88t1-1 0 5640 26 06:0 15 43105
881-2 07810 26 0 86:0 15 2.4:0 2
881-3 0 82+0 26 09110 15 48:05
8814 10:03 097:02 0 18:0 006
881-5 0 86:0 26 088:0 15 0 59:0 008
881-6 15:03 55:05 22:02
881-7 0 74:0 26 0 75:0 15 0632009
881-8 086:0 26 082:0 15 18:02
881-9 31103 10:02 0 47:0 006
881-10 1103 098:0 2 3504
881-11 10:03 13:02 26103
881-12 0 93:0 26 14:02 0 4:0 06
881-13 094:0 26 13:02 0 1610 06
881-14 11203 10:02 30:04
881-15 20:03 15:0 16 001:0 06
881-16 502190 1300:100 031006
881-17 19:74 §90:70 078:019
881-18 60:230 3000:300 0 42:0 08
881-19 10+740 550:60 0 09:0 06

Data from U S DOE, 1990b
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surface soiis indicate the uranium is depleted (low ratio) The contamination presumably resuited from drums
that had leaked In the past or from past spills.

Referring again to Table 2-7, uranium, cesium, and tritium occur infrequently above background in both
surface and subsurface samples. None of these results exceeded background by more than a factor of two
above the upper tolerance interval, but the resuits do not represent the true surface concentrations because
the samples were composited over depth The uranium 233 + 234 to uranium 238 activity ratios are greater
than one for most of Samples 1-15 indicating the natural uranium, but Samples 6, 12, and 13 indicate possible

mixing with depleted uranium.

Anindependent assessment of criticality safety at Rocky Flats Plant conducted by Scientech, inc , found
no evidence of a crticality at the Rocky Flats Plant (US DOE, 1989) This study noted that the levels of
cesium 137 activity in the Rocky Flats area are in the range of 0 3 to 0 6 pCl/g averaged over a soil depth of
six centimeters based on a July 1989 aerial radiological survey of the Plant (US DOE, 1989) These values
are consistent with worid-wide fallout levels, and there is no indication of cesium 137 deposition due to Rocky
Flats Plant operations (U S DOE, 1989)

233 Ground Water

Ground water at the 881 Hillside occurs in surficlal materials (Rocky Flats Alluvium, colluvium, valley
fill alluvium), and in weathered and unweathered bedrock The most significant contamination is in surficial
materials, but weathered bedrock is hydraulically connected to the surface materials and therefore part of the
contaminated, unconfined flow system Unweathered bedrock is considered part of the confined system The
discussion of ground-water quality addresses two groups of relatively closely-spaced IHSSs A westem group
includes IHSSs 102, 103, 105, 106, 107, 145, and 177 The eastern portion of the 881 Hiliside includes IHSSs
1191, 1192 and 130

Eight monitor wells were completed in surficial materials downgradient of IHSSs 102, 103, 105, 106, 107,
145 and 177 (51-87, 52-87, 58-86, 69-86, 2-87, 53-87, 54-87 and §9-86R) Wells 1-87 and 68-86 were initially
considered upgradient of these IHSSs, but water level and chemical data suggest that well 1-87 may be
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sidegradient. Ground-water quality in both of these wells is occasionally above background and may be
affected by Plant activities upgradient of the 881 Hillside. Additional upgradient wells will be installed to
investigate this possibllity Three of the wells were dry at all sampling attempts (51-87, 54-87 and 58-86)

Fourteen monitor wells were completed in the surficial materials downgradient of IHSSs 119 1, 1192
and 130 (9-74, 10-74, 64-86, 4-87, 5-87, 6-87, 43-87, 47-87, 48-87, 63-86, 44-87, 49-87, 50-87, and 55-87)
Several of these wells show significant contamination. Ground-water ievels in the last five were always too low
to yield samples.

Three wells were completed in weathered sandstone (5-87, 62-86 and 59-86), and two were completed
in unweathered sandstone (3-87 and 45-87) A third deep well (8-87) was completed in lignite (It Is grouped
with the unweathered sandstones in Appendix B)

All availlable data (fourth quarter 1986 through first quarter 1990) are considered in the following
assessment which compares site data to the background ground-water quallty tolerance intervals. However,
background ground-water data are avaifable only for the second quarter of 1989, so the discussion compares
site and background data from different seasons Section 2 3 1 includes a more complete description of the
background study and emphasizes that conclusions regarding ground-water quality are necessarily preliminary
Ground-water samples were analyzed for the parameters listed in Table 2-9, and all available data are presented

in Appendix B

2331 Volatile Organic Compounds

Unconfined Ground Water

Several wells had detectable volatile organic compounds in the surficlal materials over the course of
sampling from late 1986 to 1990 Maximum values are shown in Table 2-10 Concentrations plotted in Figures
2-9 and 2-10 Hlustrate the general distribution that characterizes the organic contamination, although these
maps specffically show only PCE and TCE in the second quarter of 1989 Of the wells that are marked "dry®
on Figures 2-9 and 2-10, only three wells were dry throughout all sampling (wells 63-86, 44-87, and 49-87)
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TABLE 2-9

PHASE | AND PHASE 11 RI

GROUND-VATER AND SURFACE VATER SANPLING PARAMETERS

FIELD PARAMETERS

INDICATORS

METALS

ORGANICS

FINAL PHASE IlI RFI/RI WOR
ROCKY FLATS PLANT,
eghg\881\ri- fs\soc-z oct

pH

Specific Conductance
Temperature
Dissolved Oxym

Total Dissolved Solids
Total Suspended Solids”

Hazardous Substances List - Metals
Aluminem
Ant imony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Tin
Vanadium
inc

Other Metals
Chromium (hexavalent)
Lithium
Strontium

Cacbonate
Bicarbonate
Chloride
sulfate
Nitrate

0it and Grease ves
Hazardous Substances List - Volatiles”
Chloromethane
Bromomethane
Vinyl Chloride
Chtoroethane
Methylene Chloride
Acetone
Carbon Disul fide
1,1-Dichloroethene
1,1-Dichloroethane
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TABLE 2-9 (CONTINUED)

PHASE I AND PHASE II RI
GROUND-UATER AND SURFACE UATER SANPLING PARAMETERS

ORGANICS .
Hazardous Substances List - Volatiles (Cont inued)

trans-1,2-Dichloroethens
Chloroform
1,2-Dichloroethane
2-Butancne
1,1, 1-Trichtoroethane
Carbon Tetrachloride
Vinyl Acetate
Bromodichloromethane
1,1.2,2-Tetrachloroethane
1,2-Dichloropropane
trans-1,3-Dichloropropens
Trichloroethene
Dibromochioromethane
1,1,2-Trichloroethane
Benzene
cis-1,3-Dichloropropene
2-Chloroethyl Vinyl Ether
Bromoform
2-Hexanone
4-Methyl -2-pentanone
Tetrachloroethene
Toluene
Chlorobenzene
Ethyl Benzene
Styrene
Total Xylenes

RADIOMUCL IDES
Gross Alphs
Gross Beta
Urenium 233+234, 235, and 238
Americium 241
Plutonium 239+240
Strontium 90
Cesium 137
Tritium

® for surface water samples only

** pDissolved metals for ground-water samples, total and dissolved metals for surface water samples

*** Ground-water samples from the first quarter of 1987, and all surface water samples were analyzed for 9 of
the HSL volatites. These volatiles are the chlorinated solvents historically detected in the ground water and
are as follows PCE, TCE, 1,1-DCE, 1,2-DCA, t-1,2-DCE, 1,1,1-TCA, 1,1,2-TCA, CCl, and CHCly
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At the westerly group of IHSSs, four volatile organic compounds occurred above detection limits in
three wells At well 1-87 there was one occurrence of 1,1,1-TCA [130 milligrams per liter (xg/¢)], at weli 54-87
there was one report each of chioroform (CHCI,, 8 »g/t), PCE (4 xg/¢), and 1,1,1-TCA (2J ug/t), and at well
2-87 there was 1,1-DCE (6 xg/t) and PCE (35J sg/t) The only other volatile organic compounds at the
westerly IHSSs were methylene chloride (maximum - 35B xg/¢ at well 2-87), and acetone (maximum - 280
#g/t at well 1-87) Numerous other samples had methylene chloride and acetone concentrations estimated
below detection limit and/or present in the blanks for wells that were otherwise free of organics. These resuits
may indicate laboratory rather than site contamination Isolated, low level reports of carbon disulfide, 2-

butanone and total xylenes are shown in Table 2-10

At the easterly group of IHSSs (1191, 1192, and 130), volatile organic contamination is more
pronounced (Table 2-10) Wells 9-74, 10-74, and 43-87 show the most contamination, with PCE, TCE, 1,1-
dichloroethene (1,1-DCE), 1,1-dichioroethane (1,1-DCA), 1,1,1-TCA, 1,1,2-trichloroethane (1,1,2-TCA), and
carbon tetrachlonde (CCl,) reaching several thousand g/t in many samples. Chloroform, toluene, 1,2-
dichloroethene (1,2-DCA), and total 1,2-dichloroethene occurred at lower concentrations [estimated at less than
detection limit or less than 100ug/t with few exceptions (Table 2-10)] Levels of methylene chioride and
acetone were typically low enough to be considered laboratory artfact according to CLP protocol (U S EPA,
1988a), although the high levels at wells 9-74, 10-74, and 43-87 suggest the actual presence of these
compounds In the ground water at these locations Carbon disulfide, 2-butanone, vinyl acetate total xylene

and benzene results in Table 2-10 show sporadic occurrences at low concentrations

The report of low level PCE for well 64-86 (8J «g/¢) in the second quarter 1989 was not repeated in
subsequent analyses Planned monitoring will help confirm the presence or absence of contamination in

downgradient valley fill alluvium

§
|

In weathered sandstone, well 5-87 contained organics other than methylene chlonde and acetone with
PCE (170 ug/t), TCE (45 ug/t), CHCl, (8 ug/¢), and 1,2-DCA (6 xg/t) The acetone was also qurte high in
that well (99 xg/t) Well 62-86 had 29J ug/t of PCE and 2J ug/t of CCl, Only 6 ug/t of PCE was reported

for well 59-86
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Volatie organics have been infrequently detected in samples of confined ground water of the
unweathered sandstones (wells 3-87, 45-87, and 8-87) At least 11 quarters of data exist for these wells. There
waere no greater than four occurrences of methylene chloride and acetone in samples from each well In almost
every case, the concentrations were either estimated below detection limits and/or these analyses were present
in the associated laboratory blank There are only two occurrences of 1,1-DCE (1J xg/¢ and 2J xg/¢), both
in samples from well 8-87 Three samples from well 45-87 (fourth quarter 1987 and the first two quarters of
1988) contained chioroform (range 3J xg/¢ to 37B ug/t) Howaver, chloroform was not present in any sample
from subsequent quarters Toluene was present in only one sample from each of the three wells.
Concentrations ranged from 0 7JB g/t to 2J ug/t TCE was detected only once in samples from well 3-87
(6 g/t) and only twice in samples from well 8-87 (2J xg/¢ and 35 ug/t) TCE was not detected in well 45-87
PCE was only detected once in well 3-87 (5J ug/t) and twice in well 8-87 (2J sg/t and 20 ug/t) PCE was
not detected in well 45-87 CCl, was only detected once in well 8-87 (130 ug/t), and was not detected in wells
3-87 and 45-87 Carbon disulfide was detected once (5xg/t) in well 45-87 only It is concluded that the

ground water in the unweathered sandstone at Operable Unit No 1 is not contaminated for the following

reasons
. the common laboratory contaminants, acetone and methyiene chioride, are not detectable in
samples at least 60 percent of the time, and when detected, concentrations are low and/or the
associated laboratory blank contained these contaminants, and
. all of the data, with the exception of the resuits for samples noted above, showed no volatile
organic compounds These data include numerous sampling events, preceding and succeeding
the infrequent detections

2332 Inorganics

!

Malor lons in_Unconfin round Wat

All surficlal matenials wells (except dry wells 51-87, 53-87, and 58-86) in the vicinity of the western group
of IHSSs contained some major anions above background The margin above background was small in many
cases, and therefore presents only ambiguous evidence of contamination However the occurrences of nitrate

significantly above estimated background [maxima of 7 7 milligrams per liter (mg/¢) in weil 69-86, 55 mg/t
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in well 68-86], of chioride and/or sulfate above 100 mg/¢ in welis 1-87, 52-87, 69-86, and 53-87, and total
dissolved solids (TDS) above 1000 mg/¢ in wells 52-87, and 69-86, do indicate that anions are significantly
elevated In these wells. Cyanide was analyzed for wells 52-87, 69-86, and 68-86, and occurred above
background in one sample (0 1068 mg/¢ in weil 69-86)

Major cations magnesium and sodium are significantly elevated at ail of the weills in this group except
at wells 68-86 and 54-87 Major cations calcium and potassium are also somewhat elevated at some of these

wells

Several surficial wells in the vicinity of IHSSs 119 1, 119 2 and 130 also contained major anions above
background (9-74, 10-74, 2-87, 4-87, 6-87, 43-87, 48-87 and 64-86) Wells 9-74 and 10-74 showed the highest
concentrations of nitrate (91 2 and 55 mg/t) and these wells had similar concentrations (several hundred
mg/¢) of other major anions relative to the other wells TDS was typically approximately 2000 mg/¢ Several
of these wells were intermittently dry and therefore the available data cannot provide detailed trends However
there is an association between IHSS 119 1 and the highest inorganic constituent resuits Isopleths of TDS and
nitrate (Figures 2-11 and 2-12) for the second quarter of 1989 illustrate this, and are generally consistent with
data for other sampling events Major cations caicium, magnesium and sodium were above background in

almost all samples in this area

Both of the wells in weathered sandstone which were not persistently dry contained major ions above
background TDS was typically just over 2000 mg/t and chloride and sulfate were several hundred mg/t as
in the surficial weils, and nitrate was elevated up to ten times background Calcium, magnesium and sodium

were slightly above background
M lons in Confin " Wat

The ground water in the deeper wells, in contrast to the unconfined flow system, did not contain a large
suite of elevated inorganics in the surficial ground-water system Only well 8-87 with a maximum TDS of 450
mg/t and nitrate at 1 mg/¢ had anions slightly above background Calcium and magnesium were the only

elevated cations in that well

ROCKY PAGE 2-54
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Metals in Unconfined Ground Water
®

All wells in surficial materials in the vicinity of the western group of IHSSs had some metals above
background, but the suite of elevated metals was not consistent spatially or temporally Nickel, strontium, zinc,
manganese, mercury and copper each exceeded background in three or more wells, and barium, beryilium,
tron, antimony, chromium, lead, aluminum and cadmium occurred slightly above background in one or two

wells

a

1

Nickel, strontium, selenium, zinc and copper exceeded background in several samples from most wells
near the eastern group of IHSSs, and several elements exceeded background once or infrequently (aluminum,

antimony, barium, cadmium, chromium, cobalt iron, iead, mercury, molybdenum and potassium)

The concentrations of selenium, strontium, nickel and zinc shown in Figures 2-13 to 2-16 are generally

consistent with the patterns of high concentrations of inorganics around 1HSS 119 1, although the dry wells

. and typically low concentrations hinder portrayal of possible patterns in the metals data The data sets for

cesium, ithium, molybdenum, and tin are incomplete because the laboratory did not analyze for those elements
in many samples Ground water in the weathered bedrock wells contained most of the metals that were

elevated in surficial matenals as well as lithium in well 5-87 up to 25 times background

Metals in Confin Wat

Of the deeper wells in unweathered units, only 8-87 contained metals that were elevated (nickel,
strontium, manganese and iron exceeded estimates of background by more than a factor of four) The
unweathered sandstone wells exhibited low concentrations for other elements (cadmium, chromium, barium,

Ithium, ron, mercury, and silver) which were either undetected or extremely low in background samples

Radionuch in Unconfin round Water

. Of the wells in surficial matenals near the western group of IHSS's, five contained gross-alpha and

beta, uranium and tritium above background (wells 1-87, 52-87, 69-86, and 59-86R) Within that group of wells,

FINAL PHASE 1I1 RFI/RI WORK PLAN - 881 HILLSIDE AREA OCTOBER 1990
ROCKY FLATS PLANT LDEN  COLORADO PAGE 2-57

£ s . s %



total uranium was typically less than 30 picoCuries per iiter (pCl/¢) except at well 52-87 (maximum was 64 2
pCi/t) Gross aipha and beta were highest at that well also (70 pCi/e and 76 pCl/e, respectively) The
magnttude and frequency of those results suggest possible radionuclide contamination at this location
Analytical resuits for strontium-89,90, cesium-137, and americium-241 were not reported by the laboratory for
many samples. Occurrences of tritium above background in wells 52-87 and 69-87, and americium and
radium-226 In well 52-87 are isolated and just above background Therefore a determination of contamination
based on those data is inconclusive

Waell 4-87 of the eastern group of wells in surficlal materials contained the highest concentrations of
radionuclides Maximum gross alpha and beta results were approximately 300 pCl/e, total uranium was
approximately 50 pCi/e, and tritium reached 777 pCi/t Wells 9-74, 10-74, 6-87, and 43-87 contained these
radionuclides above background, although the maximum levels were much lower than at 4-87 Strontium-89,90
also exceeded background at several of these wells (maximum was 56 pCi/t at well 2-87), whereas
cesium-137 and radium-226 were just above background in one or two samples Gross alpha and beta,
uranium and tritium exceeded background in both weathered sandstone weils, whereas strontium-89,90 was
elevated only in well 5-87 The concentrations are lower than in surficial matenals with the exception of gross

alpha and beta (99 and 91 pCi/t in well 5-87)

Figure 2-17 portrays the distnbution of total dissolved uranium In the unconfined ground-water flow
system for the second quarter of 1989 The principal feature, elevated uranium concentrations in the vicinity
of IHSS 1191, is consistent with the data avallable from other sampling penods Because well 49-87 is

persistently dry, the amount of contamination between wells 4-87 and 6-87 is unknown

Radionuclides in Confin roynd W

Unweathered sandstone wells had either gross alpha or beta above background, one instance of
uranium-235 above background in well 8-87, and one case of radium-226 just above background All other
analytes were below background
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233.3 Summary of Extent of Contamination

Organic, and possibly major lon, trace metal and uranium contamination exist in ground water within
surficial materials and in some bedrock at the 881 Hillside Area. Volatile organic contamination is most severe
in the eastern portion of the site, and may be derived primarily from IHSS 118 1 The available data suggest
that organic contamination is restricted to a small area around that apparent source The ground-water data
for the western group of IHSS’s show frequently unsaturated conditions that may have mitigated contaminant
migration The presence of 1,1,1-TCA at well 1-87 may indicate contamination from an upgradient source or
from a sidegradient portion of the 881 Hillside Area (IHSS 145) In either case, further characterization is
required Uncertainties regarding the origin of methylene chloride and acetone in ground-water samples (site
or laboratory contamination) do not aiter the fundamental conclusions listed above and can be clanfied with

additional planned analyses

Conclusions regarding inorganic contamination are limited by the preliminary nature of background
data. The preceding sections listed all constituents above background as if each represents contamination
On that basis the data indicate distinctly elevated major ions throughout most of the site, and apparent
contamination emanating from both the western and eastern portions of the 881 Hillside The extent of such
plumes of inorganics at the site has not been delineated by existing data The metals data exceed background
more erratically than do the major ions, and offer more ambiguous evidence of contamination emanating from
IHSS's It is not currently possible to determine whether this uncertainty is a function of incompletely defined
background levels and/or the presence of contaminants from muitiple sources The hist of elevated
constituents includes elements that could be attributed to natural sources in this sedimentary environment (e g
selenium, zinc, strontium) as well as elements that may suggest human influence (nickel, beryllium)
Radionuclide data are similarly ambiguous However, the uranium concentration in the vicinity of IHSS 119 1
Is sufficient impetus for further investigation Interpretation of the extent of elevated uranium must be
coordinated with better definition of background condtions  Ongoing evaluation of background concentrations
and additional data collection at the 881 Hiliside will permit more definitive assessment of the influence of Plant

operations on ground-water quality

Elevated constituents of all categonies have migrated vertically from surficial materials to hydraulically
connected upper bedrock units Possible impacts on the bedrock are most significant in the weathered zone
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234 Surface Water

Surface water stations at the 881 Hiliside Area are located along the South Interceptor Ditch, Woman
Creek, and at various seeps and ponds. Nine surface water stations in the vicinity of the 881 Hiliside Area were
sampled during field activities. All available surface water data are compared to second quarter 1989
background data to preliminarily assess if inorganic or radionuclide contamination exist at these stations
Section 2 3 1 explains the status of these background data. Surface water locations are shown on Figure 2-18,
and data are presented in Appendix C

234 1 South Interceptor Ditch

Surface water stations SW-45, SW-46, and SW-44 are just south of Building 881 SW-45 monitors the
foundation drain discharge from Building 881 This water flows into a skimming pond  Station SW-44 is the
discharge from a pipe draining the skimming pond to the South Interceptor Ditch The foundation drain is a
vitrified clay pipe which is buned 14 to 20 feet deep along the western and southemn sides of the 881 Building
The pipe drains water southward to a common pipe and then into the skimming pond SW-46 is located at
a pond formed by ground-water seepage from the 881 Hillside SW-46 is west and hydraulically sidegradient
of the skimming pond

Surface water runoff from the 881 Hiliside Area flows into the South Interceptor Ditch and then into
Pond C-2 Surface water in Woman Creek is routed around Pond C-2, however, water in Pond C-2 is
discharged to Woman Creek in accordance with the plant NPDES permt  SW-31 monitors water quality in the
South Interceptor Ditch just downstream of SW-44 Surface water stations SW-68, SW-67, SW-68, SW-69 and

SW-70 monitor the South Interceptor Ditch downgradient from the 881 Hillside

Volatile organics have been detected in samples from SW-45 (Building 881 foundation drain discharge),
and at lower concentrations 1in SW-46 (pond formed by ground-water seepage at 881 Hillside), and SW-44

(discharge to the Interceptor Ditch) The concentration of PCE was 128 ug/t at SW-45 in May 1987, but was
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near detection limits and then undetected In subsequent samplings untd March 1990 PCE was 23 g/t in
the last avallable sample There were isolated instances of toluene (12 xg/¢) and CCl, (6 sg/t) in late 1987
at this station Samples from SW-46 in May and June 1989 indicate that PCE was present at estimated
concentrations below detection limtts (3J xg/¢ and 2J xg/¢, respectively) No other volatile organics were
detected in samples from SW-46 SW-44 showed no detectable volatile organic compounds unti fourth quarter
1989 (4J ug/¢ of TCE), and first quarter 1990 (7 xg/t of TCE) Methylene chioride and acetone concentrations
were low enough to be considered inconclusive evidence of contamination by these organics at SW-44, SW-45,
and SW-46

Volatile organics do not appear to be present at surface water stations SW-66, SW-67, SW-68, SW-69
and SW-70 (downgradient South Interceptor Ditch) Methylene chioride, acetone, and 2-butanone were present
between 2 and 38 ug/t at all the stations, however, these compounds were also present in laboratory blanks
Toluene was present in a sample from SW-69 only in August 1989 at a level of 4J ug/t (also present below
detection limits) No other volatile organics were detected in South Interceptor Ditch surface water stations

downstream from the 881 Hillside Area

Results of inorganic analyses of surface water samples from these stations indicate that TDS, nitrate,
and sulfate concentrations fluctuated above and below background Maximum concentrations were generally
within a factor of two above background, however, there was one anomalous nitrate result at SW-44 (424
mg/t) At all other stations maximum nitrate concentrations ranged between 4 and 10 mg/¢ Dissolved
magnesium exceeded background by approximately a factor of two at all the stations whereas dissolved
calcium and potassium exceeded background by less than § mg/t at stations SW 44, SW-45 and SW-46 Both
calcium and magnesium consistently exceeded background when analyzed in unfitered samples, but the
margins above background varied Total potassium exceeded background at most of the stations by less than

a factor of two

The following dissolved metals occurred intermittently above background aluminum, beryllium,
cadmium, copper, mercury, lead, strontium, zinc, chromium, selenium, and vanadium The list of total metals
which exceeded background is the same, except that banum and nickel are also included and copper Is
excluded Stronttum and zinc were the only dissolved trace elements above background at nearly every

station, however, total aluminum, barium, iron, strontium, and zinc exceeded the background for metals in
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suspension at most of the stations. Total aluminum tended to exceed background by widely varying margins,
reflecting the variable suspended clay content of surface water under drferent flow conditions Most of the
trace metals exceeded background by less than a factor of two, but exceptions are notable For example,

mercury was 0 46 mg/e and 0 9 mg/t at stations SW-44 and SW-45 in June 1988

Dissolved gross alpha and beta, uramum and plutonium exceeded background in many of the samples
Dissolved radium-226 exceeded background as well, but in only three samples with a relatively low value and
high counting error Total radionuciide resuits exhibit the same constituents above background, as well as
strontium-89, 90, amencium, cesium-137, and tritium  Although the total radiochemistry results are typically
higher than dissolved resuits as expected, the maximum dissolved plutonium did exceed total plutonium at
stations SW-45, SW-66, SW-68, SW-69, and SW-70 Because samples for dissolved and total plutonium are
separate grab samples it Is possible that the data reflect the vanable colloidal content of different grab

samples

2342 Woman Creek

Surface water stations SW-32, SW-33, and SW-34 are located on Woman Creek directly south of the
881 Hiliside and South Interceptor Ditch and upstream from the 903 Pad Area Volatile organics were not
detected in Woman Creek surface water with exception of presumed laboratory contaminants methylene
chloride, acetone, and one instance of toluene at SW 32 (12 ug/t) Results of inorganics analyses from these
surface water stations were all within tolerance interval values calculated from Round 1 background surface
water sampling results Of the dissolved metals, only zinc at SW-32 to SW-34 (maximum 0 072 mg/t), and
strontium at SW-32 (0 496 mg/t) were elevated above background Several major and minor elements
exceeded background as at the other surface water stations Radiochemistry data for these stations are
analogous to those from the South Interceptor Ditch, although total uranium values are typically lower in
Woman Creek Plutonium and americium were both just detectable at several of these stations Radium-226

was not analyzed in the Woman Creek samples
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235 Sediments

Bedload sediment samples were collected during 1989 site characterization from creeks and ditches
that traverse the Rocky Flats Plant Sediment stations have been established along the Woman Creek drainage
downgradient of the 881 Hillside Area All available data for eleven sampling stations are presented in
Appendix D Stations SED-28, SED-29, SED-25 are located (in that order) within the South Interceptor Ditch
in the Woman Creek drainage, 750 to 3000 feet downstream from surface water station SW-70 These stations
are just east of the 881 Hillside Area shown in Figure 2-17 SED-31 and SED-30 are seeps on the South
Interceptor Ditch berm up- and downstream from station SED-29 SED-27 and SED-26 are along Woman Creek
just upstream of Pond C-2 All of these stations are hydraulically downgradient of the 903 Pad Area and
therefore may be influenced by that source Data for three, more distant stations are included in Appendix D
SED-14 and SED-15 are upstream of the 881 Hillside Area (approximately 3300 and 10,000 feet upstream from
SW-36), and SED-01 is downstream of the 881 Hillside and 903 Pad Areas (approximately 9000 feet
downstream) The sediment station locations descnbed above do not explictly address sediments that are at
the base of the hillside and upgradient of the 903 Pad Therefore the sediment chemustry results described
below will be supplemented with data from new sampling stations in subsequent work to the extent possible

{Section 5)

Volatile organic compounds were typically undetected or estimated below detection mits with the
following exceptions SED-29 and SED-30 contained 60 sg/e¢/kg and 19J ug/t/kg of chioromethane,
respectively SED-01, SED-14, SED-29 and SED-30 contained acetone in one sample at each station (85
»g/kg, 89 ug/kg, 18 ug/kg and 220 ug/kg, respectively) Acetone was present in the blank at the latter station,
so the report of 220 xg/kg Is of questionable significance Methylene chioride concentrations were 20 xg/kg
and 22 xg/kg at SED-01 and SED-27, again associated with contaminated blanks Chloroform was detected

at 18 xg/kg in the one sampie from SED-31 and the TCE at the same station was 8 ug/kg

Low-level results, all estimated below detection iimit, were reported for carbon disulfide at SED-30 (6J
rg/kg), 2-butanone at SED-01 (1JB xg/kg), TCE at SED-25, SED-26 and SED30 (5J xg/kg, 3J xg/kg, and 7J
#g/kg), toluene at SED-29 and SED-30 (2J xg/kg and 6J ug/kg), and methylene chioride and/or acetone at

most stations The presence of acetone at upgradient SED-01, together with the low concentrations and
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contaminated blanks, demonstrate that the evidence of volatile organic compounds in these sediments is

insufficlent to prove contamination

Nitrate exceeded background at SED-01, SED-25, SED-26, SED-29, SED-30, and SED-31 The
maximum concentration was 8 1 mg/kg at SED-30 Magnesium and potassium were the two major cations

above background (5970 mg/kg and 67000 mg/kg, respectively)

Concentrations of beryllium, silver, and tin were the most elevated in the sediment of the South
Interceptor Ditch Concentrations of silver were more than five times the upper limit of the background range
at SED-25, SED-29 and SED-30 (maximum was 49 1 mg/kg) Beryllium undetected in background samples,
and 2 5 mg/kg in upgradient station SED-15, ranged from 3 8 to 15 5 mg/kg in the South Interceptor Ditch
sediments Tin was above background at stations SED-25, SED-26, SED-29 and SED-30, ranging from 364 to
1080 mg/kg

Several other metals exceeded background by smaller margins in one or two samples each from the
downgradient stations SED-25 to SED-31, including aluminum, antimony, cadmium, chromium, copper, iron,
lead, lithlum, magnesium, manganese, mercury, selenium, strontium, thallium, vanadium, and zinc Woman
Creek sediment samples, in contrast, contained only mercury and molybdenum above background (0 48

#g/kg of mercury at SED-14, and 40 mg/kg and 42 mg/kg at SED-14 and SED-15, respectively)

Plutonium was the principle radionuclhide above background, occurring at concentrations ranging from
008 pCi/g to 3 3 pCi/g at stations SED-25, SED-26, SED-29, SED-30 and SED-31 The presence of plutonium
in the sediments is consistent with the soil piutonium contanunation found in the 881 Hillside and 903 Pad
Areas Other exceedances of background (4 8 pCi/g of total uranium at SED-25, and 77 pCi/g of gross-alpha
and 1 3 pCi/g of radium-226 at SED-30) occurred in single samples The Woman Creek sediment samples did

not contain plutonium or other radionuclides above background
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236 Al

Alr qualty studies at the Plant are performed continuously and reported annually in the Annual
Environmental Monitoring Reports (e g, Rockwell International, 1975 through 1985, 1986b, and 1987b) In
addition, the air pathway was further characterized in Rockwell international (1986f)

Alr samplers for routine ambilent air monitoring at the Plant are located at various locations on and off
the Plant ste The ambient air program monitors radionuclide concentrations, conventional air quality
parameters are also monitored on site at a dedicated location inside the perimeter securtty fence, west of the
East Guard Gate

The Plant Radioactive Ambient Air Monitoring Program (RAAMP) consists of 51 high-volume particulate
air samplers which operate continuously Twenty-three of the 51 samplers are within or directly adjacent to
the Plant securty area (on-site samplers) and 14 are located around the property boundary (perimeter

samplers) An additional 14 samplers are iocated in neighboring towns (community samplers)

The 903 Pad Area i1s recognized as the principal source of airborne plutonium contamination at the
Plant (Rockwell International, 1975 through 1985, 1986b, and 1987b) Historically, the particulate samplers
located immediately east, southeast, and northeast of the 903 Pad, Mound, and East Trenches Areas have
shown the highest plutomum concentrations This finding i1s corroborated by the resuits of soil surveys which
indicate elevated plutonium concentrations to the east, particularly the southeast of the area However, the
RAAMP has found ambient air samples to be well within applicable regulations and guidelines for the protection

of human health and the environment for all radioactive contaminants (Rockwell international, 1987a)

237 Bota

The biota at the 881 Hillside Area have not specifically been previously studied, however studies on the
biota at the 903 Pad, Mound and East Trenches Area have been conducted A survey was conducted for the
Final Environmental Impact Statement, Rocky Flats Plant Site (U S DOE, 1980), and previous studies were
summanzed in the Radioecology and Airborne Pathway Data Summary Report (Rockwell International, 1986f)
The Radioecology and Airborne Pathway Data Summary Report addresses the plutonium released from the
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903 Drum Storage Site and its effects on the immediate environment Field studies were conducted over
several years which compared various biological measurements and pathological data between ecologically
similar study areas of widely varying plutonium levels Soil plutonium concentrations were measured along with
biological measurements such as vegetation community structure and biomass, litter mass, arthropod
community structure and biomass, small mammal species occurrence, population density, biomass,
reproduction, and physical size of whole carcasses and organs In addition, pathological examination of small
mammals, including x-ray for skeletal sarcomas, microscopy for lung tumors, and necropsy for general
pathology and parasite occurrence were carried out. Results of the studies showed no evidence of ecological
impacts attributable to plutonium Although pathological conditions were found in some rodents, there were
no significant pathological differences between control and plutonium contaminated areas. Other minor

differences in biological attributes for study are as at the Plant site could not be correlated to plutonium levels

Aquatic studies, conducted by Colorado State University, examined phytoplankton, some detrtus and
smaill zooplankton uptake of plutonium from the B-series holding ponds This study showed than an "increase
in trophic-level concentration of plutonium did not occur apparently due to a selective mechanism that
discnminated against plutonium at this level This would result In a decreased potential hazard when

considering the transfer of plutonium through ingestion routes" (Paine, 1980)

Other aquatic studies revealed that 77% of the plutonium associated with crayfish 1s found in thewr
exoskeleton Fish flesh and bone from the A and C-senes ponds were never above the minimum detectable

actvity for plutonium

24 APPLICABLE OR RELEVANT AND APPROPRI EQUIREMEN

Section 121(d) of CERCLA, as amended by the Superfund Amendments and Reauthonzation Act of
1986 (SARA), requires that Fund-financed, enforcement, and Federal facility remedial actions comply with

applicable or relevant and appropriate (ARAR) Federal laws, or more stringent promulgated State laws

Health-based, chemical-specific ARARs pertinent to ground-water quality have been identified for the
EPA CLP TCL organic and TAL inorganic compounds as well as radionuclides and conventional pollutants
found above detectable levels The chemical-specific ARARs are derived primanly from federal and state heaith
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and environmental statutes and regulations As discussed below, in some instances these standards are
classified as items to be considered (TBCs) A summary of chemical-specific ARARs for the contaminants
found at the 881 Hillside Area s presented in Table 2-11

The ARARSs listed in Table 2-11 were identified by examining the following promulgated standards

. Safe Drinking Water Act (SDWA) Maximum Contaminant Levels (MCLs) and Maximum
Contaminant Level Goals (MCLGs),

. Clean Water Act (CWA)
. Ambient Water Quality Criteria (AWQC),
. RCRA Subpart F concentration limits (40 CFR 264 94),

. CDH surface water standards for Woman Creek (5 CCR 1002-8, Section 3 8 29, Final Rule
Effectrve March 30, 1990), and

. CDH ground-water standards (5 CCR 1002-8, Section 3 11 5)

The NCP [FR Vol §5, No 46, 8848, 40 CFR 300 430 (e)] requires that, in development of alternatives for final
remediation, the following be considered for current or potential sources of drinking water attainment of
MCLGs or MCLs, f MCLGs are zero, and attainment of CWA AWQC where relevant and appropriate Because
surface water at OU1 is a source of drinking water, the MCLGs (or MCLs) are relevant and appropriate The
AWQC are also relevant and appropriate because Woman Creek has a use-protected designation, aquatic life
class | warm water The RCRA Subpart F concentration limits include standards for 14 compounds, with
background or alternate concentration limits used as the standard for the other 40 CFR 261, Appendix ViiI
constituents  Although this area does not contain RCRA-regulated units for which these standards are
applicable, it does contain IHSSs Therefore, these RCRA Subpart F regulations are considered relevant and
appropriate However, because ACLs based on protection of public health have not been established for the
Appendix Vill constituents, the RCRA clean-up criteria of background concentration are viewed as TBC

Background concentrations for 40 CFR 264, Appendix IX constituents not listed in Appendix Vill are also TBC

The CDH surface water quality standards for Segment 4 of Woman Creek (downstream of Pond C-2) are
designated as goals for Segment 5 Pond C-2 and upstream (includes Operable Unt No 1) Although the CDH
surface water quality standards for Woman Creek are only goals in the reach adjacent to Operable Unit No 1,
they are considered relevant and appropnate because the lower reaches must attain these standards, and

therefore cannot be impacted by releases from the 881 Hillside Area The CDH ground-water standards are
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considered applicable When more than one potential chemical-specific ARAR was identified for a contaminant
the most stringent standard was used to determine the specific ARAR to be applied

Of the elements/compounds detected in alluvial ground water at the 881 Hillside Area, there are no
ARARs for calcium, magnesium, potassium, sodium, bicarbonate, cesium, and strontium However, the TDS
ARAR establishes the acceptable aggregate concentration for the above major ions (excludes cesium and
strontium) Until an acceptable risk based concentration is established for cesium and strontium, their

background concentration is TBC

Table 2-11 shows that several of the volatile organics, metals, and major ions that were analyzed have
exceeded potential chemical-specific ARARs from late 1986 to first quarter 1990 at some locations in the 881
Hillside Area This i1s not to say that releases of these constituents are occurnng, for the concentrations of
some substances may be due to a past release or to natural geochemical processes However, the listing of
Table 2-11 has been presented to identify parameters for which analyses should be made in Phase il and their
respective minimum acceptable detection imits  The draft final FS will evaluate technologies that address these

constituents

25 AMPLING AND ANALYSIS REQUIREMENT: R R IAL ALTERNATIVE ALUATION

The purpose of this section is to identify potential remedial technologies which are consistent with the
available information regarding contamination at the 881 Hillside Area Based on the available site information,
the contaminated media or areas for which remedial alternatives wili be developed include wastes,
soil /sediment, ground water, and surface water The following general remedial response actions were identified

for further review and evaluation in the draft FS (Rockwell international, 1988b)

. Complete or partial removal of wastes and contaminated soils,
. In-situ contaminated soils treatment,
. Ground-water collection,
. Infiltration and ground-water containment controls,
. In-situ ground-water treatment/immobilization, and
. Ground-water/surface water treatment
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Combinations of these general response actions are appropriate and were evaluated during the draft FS Table

2-12 presents these general response actions along with applicable component technologies

At the time the draft FS was prepared, the extent and nature of contamination at the 881 Hillside Area
was not well defined For example, organic contamination of soils may have been underestimated because
maximum concentrations occurred in samples not necessarily collected from "hot spots®, and the volatile
organic data have since been rejected in the validation process The draft FS did not evaluate treatment
and/or disposal of organic contaminated soll, however, the Phase iil RFi/RI may indicate such an evaluation
is in order With respect to inorganic contaminants, the draft FS did not evaluate treatment technologies for
their removal  Although this was performed for the 881 Hiliside interim action (US DOE, 1990a), the
performance of the intenm action treatment system will be important input in reevaluating these technologies
for the draft final FS Lastly, inorganic contaminated ground water appears downstream of the interim action
collection system designed on the basis of the extent of volatile organic compound contaminated ground water
Remedial alternatives that address this issue will be evaluated in the revised FS As shown in Table 2-13, there
are specific data requirements that are necessary to evaluate the technologies identified in Table 2-12 These
data will provide for a thorough comparative evaluation of all appropriate technologies with respect to
implementability, effectiveness, and cost, and allow for informed selection of preferred technologies The Field

Sampting Plan (Section 5) reflects these information requirements
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TABLE 2-12

‘ RESPONSE ACTIONS AND REMEDIAL TECHNOLOGIES
NERAL R NSE ACTION A JATED REMEDIAL TECHN |
|
| Complete or Partial Removal . Off-Site Landfill
of Contaminated Soils . On-Site Treatment* /Backfil
in-Situ Contaminated Solls Treatment . immobiliization (cementation and vitrification)
. Soll Flushing
. Vapor Extraction
. Bloreclamation
l
‘ Ground-Water Collection . Well Array
. Subsurface Drains
Infiltration and Ground-Water "e Capping
\ Containment Controls . Subsurface Barriers
In-Situ Ground-Water Treatment/ . Immobihzation
\ Immobilization . Aeration
. Bioreclamation
Ground-Water/Surface Water . Bloreclamation Treatment
Treatment . UV/Peroxide or UV/Ozone
. Alr Stripping
. Carbon Adsorption
. lon Exchange
. Electrodialysis
. Reverse Osmosis
. Coagulation/Filtration

*Thermal Treatment, Solvent Extraction, Immobilization (Cementation and
Vitrification), Attrition Scrubbing for Radionuchide Decontamination
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The pnmary objective of a Rl is to collect the data necessary to determine the nature, distribution, and

SECTION 3
PHASE Ill RFI/Rl WORK PLAN DATA QUALITY OBJECTIVES

migration pathways of contaminants The RI also supports the evaluation of remedial alternatives (U S EPA,

1987) The five general goals of an Rl are

1)
2)
3)
4)

5)

characterize site physical features,

define contaminant sources,

determine the nature and extent of contamination,
describe contaminant fate and transport, and

provide a baseline nsk assessment (US EPA, 1988b)

Data qualrty objectives (DQOs) are qualitative and quantitative statements which specify the quality and

quantity of data collection required by the Rl (U S EPA, 1987a) Through application of the DQO process, site-

specrfic RI/FS goals are established, and data needs are «dentified for achieving those goals This section of

the RFl/RI Work Plan reviews conclusions from the Phase | and I RFI/RI as a basis for Phase lil RFI/RI

objectives and «dentifies data needs to meet the outlined objectives

31 PHASE | AND |I Ri CONCLUSIONS

Several investigations have been conducted in the vicinity of the 881 Hillside Area to date as discussed

in Sections 10 and 20 General conclusions from these investigations are as follows

1)
2)

3)

4)

Surficial matenals in the area consist of Rocky Flats Alluvium, colluvium, and valley fill alluvium

Bedrock beneath surficial materials consists of Arapahoe Formation claystones and sandstones
dipping shightly to the east (less than two degrees) Bedrock matenals are weathered below the
base of surficial matenals

Unconfined ground-water flow occurs in surfictal matenals, subcropping sandstones, and
potentially in weathered subcropping claystones The fiow system in surficial materials is not
fully saturated year round Flow in weathered claystones has not been sufficiently documented,
and flow directions In subcropping sandstones are poorly defined due to the complex
stratigraphy

Confined ground-water flow occurs in deeper sandstones This flow system is poorly defined
at this time due to the complex stratigraphy and facies changes
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5) Ground-water recharge occurs as infiitration of incident precipitation and flow from ditches and
surface water drainages

6) Discharge from the unconfined ground-water flow system occurs as evapotranspiration, seeps
and springs at the edge of the Rocky Flats pediment, to surface water in Woman Creek and
South Interceptor Ditch, and to bedrock sandstones and claystones

7) Wastes have been buried at IHSS 102 (Ol Sludge Pt Site) and IHSS 103 (Chemical Burial
Site) In addition, wastes were potentially dumped or discharged at the Liquid Dumping Site
(IHSS 105) and Outfall Ste (JHSS 106) Organic contaminants have been released from the
Hiliside Oil Leak Site (IHSS 107), and the Muitiple Solvent Spill Site IHSS 1191  Sail
contaminated with low levels of plutonium has been disposed of at IHSS 130, however, the
Phase | and Il Rl did not detect radionuclide contamination Releases from IHSS 106 (Outfall
She) and IHSSRIOS {Out-of-Service Fuel Oil Tanks) have not been determined based on the
Phase | and Hl Rl

8) Boreholes were drilled within and adjacent to IHSSs in the Phase | and Il Rls, and soil samples
were collected and analyzed for Hazardous Substance List (HSL) organics and metals,
radionuclides, and inorganics Volatile chlonnated hydrocarbon contamination is apparently
himited to soils in the vicinity of boreholes BH01-87, BH57-87, and BH58-87 However, available
data were not validated, and further charactenzation of soils beneath IHSSs I1s needed

9) Surficial soils in the area are contaminated with plutonium and americium, possibly due to wind
dispersal of these radionuclides from the 903 Pad Area Based on soil sampling results, these
compounds appear to be limited to the surface, although further definition of source area(s) and
extent of contamination 1s needed

10) Results of Rl surface water and ground-water sampling at the 881 Hillside Area indicate that
major ions, trace metals, and radionuclides are present above background Volatile organics
are also present in ground water downgradient of the 881 Hillside Therefore, further
characterization of contaminant sources and pathways is warranted

11)  Ground water In surficial matenals contains volatile organic compounds The principal volatile
organics present are PCE and TCE, but several other compounds are present as well The
extent of these contaminants in alluvial ground water has not been fully determined

12) Trace metals including strontium, selenium, nickel, zinc, and others are elevated in the
unconfined ground-water flow system Uranium is the principal elevated radionuclide in that
system The source and extent of these contaminants has not been defined

13)  Elevated uranium has been detected in the South Interceptor Ditch surface water The source
of the uranium has not been determined

14) Although the remedial investigations have not provided bioiogical data which specifically address
conditions at the 881 Hillside Area, previous studies in that vicinity (903 Pad Area and Plant-
wide), indicate non-detectable impacts to biota Considering the locally high concentrations of
contaminants and proximity of the 881 Hillside to water and feed for wildife, further
characterization of Operable Unit No 1 is needed

32 SITE-SPECIFIC PHASE li RFi/Rl OBJECTIVES AND ACTIVITIES

Based on the Phase | and il Rl conclusions and the conceptual site model presented in Section 20,
the stte-specific Phase iil RF1/Rl objectives and associated data needs have been developed (Table 3-1)
Specific plans for obtaining the needed data are presented in Section 5 0 (Field Sampling Plan)
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High qualty data will be collected by following the Rocky Flats Plant ER Program Standard Operating
Procedures (SOP) (EG&G, 1990c) and through adherence to the Rocky Flats Plant ER Program Quality
Assurance Project Plan (QAP|P) (EG&G, 1990d) and the General Radiochemistry and Routine Analytical
Services Protocol (GRRASP) (EG&G, 1990e) Organic and metal analyses will be performed using CLP routine
analytical services (RAS), and other analyses (radionuclides and inorganics) will be performed in accordance
with the GRRASP-specified methods In addition, analytical methods with detection imits below or near
chemical-specific ARARS (see Table 2-11) will be used to facilitate comparison of resulting data to ARARs
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TABLE 3-1

PHASE il RFI/Rl OBJECTIVES AND ACTIVITIES

Objective
rize Site Physical F:

1) Determine the extent of saturation and
ground-water flow directions for the
unconfined flow system both spatiallyand
temporally

2) Descrnbe the interaction between the
surface water and ground-water
pathways

3) Quantfy matenal properties

h teriz ntamingnt r

1)  Charactenze the nature and distribution
of waste materials remaining on-site

2) Charactenze soiis beneath wastes as well
as soils at sites where wastes have been
removed as potential contaminant
sources

3) Identify which sites or subareas of sites
are sources of contaminants in ground
water

h tenize the Natuyr Extent of
Contamination

1)  Determine the horizontal and vertical
extent of surficial radionuclide soil
contamination due to wind dispersion
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Activity

Install additional monntoring wells and
piezometers

Maintain a database of water ievels from
which potentiometric surface maps,
saturated thickness maps, cross sections,
and hydrographs can be prepared

Compare water levels and water quality
data from surface water sampling
locations and ground-water monitoring
wells to evaluate the interconnection
between these two media Data analysis
will also rely on ground-water flow
directions and seep locations

Perform aquiferteststodevelop hydraulic
conductivty and storage coefficient
values for surficial matenals

Collect samples from boreholes drilled
directly through IHSSs where possible
Collect waste samples as well as soil
samples from beneath the wastes
Analyze samples for TCL volatiles, semi-
volatiles, and pesticides/PCBs, TAL
metals, as well as radionuchdes and
inorganics

Same as above

Install alluvial ground-water monrtoring
wells directly beneath sites to assess
ground-water levels and quality

install alluvial ground-water monitoring
wells directly up- and downgradient of
each site to pinpoint the source of
contaminants

Collect surficial soil scrapes in the study
area following Colorado Department of
Health sampling procedures and analyze
for radionuclides

Sample vertical soll profiles and analyze
for radionuclides

OCTOBER 1990
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3)

4)

Provi

1)

2)

TABLE 3-1 (continued)

PHASE il RFI/RI OBJECTIVES AND ACTIVITIES
Activity

Objective
2) Determine the nature and extent of

ground-water contamination in surficial
materials

Determine the location and extent of
weathered and unweathered sandstone
units and associated contamination

Charactenze surface water quality

A Baseline Risk A n

Descnbe contaminant fate and transport

Assess the threat to public health and the
environment from the no action remedial
alternative
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Install alluvial ground-water monitoring
wells in surficial matenals located
between areas of known ground-water
contamination and areas with no ground-
water contamination to delineate the
extent Collect ground-water samples
and analyze for TCL volatiles, semi-
volaties and pesticides/PCBs, TAL
metals, radionuclides, and inorganics

Install bedrock monitoring wells in new
boreholes In which sandstones are
encountered This will include boreholes
which were initially planned for installing
alluvial wells, as well as selected
boreholes planned specifically to seek
sandstone Produce east-west and north-
south geologic and water-level cross-
sections as data permit Collect ground
water samples and analyze for TCL
volatiles, semi-volatiles and
pesticides/PCBs, TAL metals,
radionuclides and inorganics

Continue collection of surface water from
exasting monttoring stations on a quarterly
basis Establish sediment stations
directly associated with the 881 Hillside
as sediment availability permits  Analyze
samples for TCL volatiles, TAL metals,
radionuclides, and inorganics Analyze
surface water samples for both dissoived
and total metals and radionuclides to
determine if constituents are suspended
or dissolved Continue routine flow rate
measurements at surface water stations

Use existing Iterature and field data to
describe the physicochemical processes
associated with site contaminants
Incorporate Phase Il results into rnsk
analysis

Prepare a baseline nsk assessment as
part of the Rl data analysis based on
Phase |, I, and Il RI
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SECTION 4
REMEDIAL INVESTIGATION/FEASIBILITY STUDY TASKS

41 REM TIGATION TASK

411 Task 1 - Prolect Planning

The project planning task includes all efforts required to inttiate this Phase lll RF1/RI of Operable Unit
No 1 Activities undertaken for this project have included detaled review of the Phase | and Il R! resuits,
responses to EPA comments on the FS and Phase Il Rl (Rockwell international, 1989a), responses to DOE
comments on the FS, responses to EPA and COH comments on the draft RI/FS work plan, historical aenal
photography, preliminary results of the high resolution seismic reflection program, and preliminary evaluation
of ARARs Results of these activities are presented in Sections 1 (Introduction) and 2 0 (Phase | and Phase

Il Site Evaluation)

Two project planning documents, including this Work Plan, have been prepared which pertain to this
Phase lil RFI/RI as required by the draft IAG between DOE, EPA, and CDH This Work Plan presents results
of the project planning task in addition to plans for the Phase Il RFI/RI A Field Sampling Plan (Section 5)
presents the locations, media, and frequency of sampling efforts The second document required by the 1AG
1s @ Sampling and Analysis Plan (SAP) The IAG specifies that the SAP is to include a QAP)P and SOP for all
field activities A draft QAPP for site-wide RCRA and CERCLA activities (EG&G, 1990d) was submitted to the
regulatory agencies in August 1990 A GRRASP (EG&G, 1990e) has also been prepared which is the scope
of work for analytical services The current Rocky Flats Plant SOPs were submitted to EPA and CDH in August
1990 (EG&G, 1990c) A Health and Safety Plan (HSP) defining the protocol for protection of field workers
during Phase Il operations will be submitted as well The HSP will be based on the Health and Safety Program

Plan currently being finahzed based on comments from EPA and CDH
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412 Task 2 - Community Relations

In accordance with the draft IAG, the Rocky Flats Plant is developing a Community Relations Plan to
inform and actively invoive the public in decision-making regarding environmental restoration activities The
plan will address the needs and concerns of the surrounding communities as identified through approximately
80 Interviews with state and local elected officlals, business leaders, medical professionals, educational

representatives, interest groups, media and residents adjacent to the Plant.

The draft Community Relations Plan will be submitted to EPA and CDH for review in November 1990
in accordance with the draft IAG schedules Accordingly, the stte-specific Community Relations Plan is not
required for Operable Unit No 1 Following review by EPA and CDH, the plan will be distributed for public

review and comment in January 1991

During the February 1990 public heanng on the IAG, several commentors requested the development
of an Intenm Community Relations Plan for implementation until the final plan is available in mid-1991 This

draft Intennm Community Relations Plan was prepared and will be implemented by November 1990

Current ER Program community relations activities include participation by Plant representatives in
informational workshops, meetings of the Rocky Flats Environmental Monitoring Council, briefings for citizens,
businesses and surrounding communities on environmentat restoration and monitoring actvities, and public

comment meetings on vanous ER Program plans and actions

The Rocky Flats Plant continues additional efforts to inform the public of environmental restoration
activities and other issues that relate to Plant operations A Speakers Bureau provides Plant speakers to civic
groups and educational organizations, and a Public Tours program allows the public to visit the Rocky Flats
Plant The Plant also produces fact sheets and updates on environmental restoration activities for public

information and responds to numerous public inquiries concerning the Plant
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‘ 413 Task3 - Field investigation

The Phase Iil RFI/RI fleld investigation Is designed to meet the objectives outlined in Section 3 The

following activities will be performed as part of the field investigation

. Drill and sample sols and wastes within IHSSs,

. Install and sample ground-water monitoring wells,
. Perform aqurfer tests and geotechnical tests, and
. Collect surface water and sediment samples

Sample locations, frequency, and analyses are presented in Section § All field activities will be

performed in accordance with the Rocky Flats Plant ER Program SOP and QAP|P
414 Taskd - le Anal

‘ Analytical methods for chemical analyses are provided in the GRRASP (EG&G, 1990e) Also provided

in this document are the analytical detection limits

Data will be reviewed and validated by the EG&G Environmental Monitoring and Assessment Division
laboratory validation subcontractor Results of data review and vahdation activities will be documented in data !
validation reports EPA data validation functional guidelines will be used for validating organic and inorganic
(metals) data (US EPA, 1988a) Validation methods for radiochemistry and major lons data have not been
published by the EPA, however, data and documentation requirements have been developed by ER
Department The functional guidelines which will be used to evaluate analytical data are presented in the
QAPJP (EG&G, 1990d) and GRRASP (EG&G, 1990e)

415 Jask 5 - Data Evaluation ‘

Data collected during the Phase Hll RFI/RI will be incorporated into the existing database and used to
. better define site characteristics, source charactenstics, the nature and extent of contamination These data

will then be used during the FS to support the evaluation of proposed remedial alternatives
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4151 Site Characterization

Geologic and hydrologic data will be incorporated into existing ste maps and cross sections Geologic
data will be used to detalil the stratigraphy of surficial materials and weathered bedrock within source areas and
to map the eastern extent of paleochannels in the top of bedrock Hydrologic data will be used to evaluate
seasonal variations in water levels, ground-water fiow, and the extent of saturated surficial materials Also
evaluated will be hydraulic conductivity, storage coefficient, ground-water velocity, and the interaction between

ground water and surface water

4 152 Source Characterization

Analytical data from source boreholes will be used to

. Verify IHSS locations,

. Characterize the nature of source contaminants,

. Charactenze the lateral and vertical extent of source contaminants,
. Determine the maximum on-site contaminant concentrations, and
. Quantify the volume of source materials

4 153 Nature and Extent of Contamination

Analytical data from soll, sediment, ground-water, and surface water sampling efforts will be used to
characterize the nature and extent of contamination The criteria for the identification of contamination will be
analyte specific For organic compounds, any detectable concentrations in samples that are not attributable
to laboratory contamination [defined according to CLP protocol (U S EPA, 1988b)] will be considered likely
evidence of contamination For inorganic compounds (including radionuclides) only those concentrations
which exceed expected concentrations in background shall constitute evidence of contamination The
statistical techniques which shall be used to compare concentrations of inorganic compounds collected as part
of the Phase Ill RFI/RI to background concentrations are documented in the Background Geochemical
Characterization Report (Rockwell International, 1989d) Essential to the implementation of these statistical

techniques for ground-water and borehole samples is the classification of each analytical datum by an
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appropriate geologic unit (such as Rocky Flats Alluvium or coliuvium) This identification of the appropriate
geologic unit will be based on geological data collected during the Phase lii RFI/RI

The extent of contamination will be delineated through the use of contaminant isopleths maps and
possibly cross sections The possibility of using kriging to contour the isopleths of the most widely distributed
contaminants will be investigated with explicit attention to the assumptions required by kriging (Davis, 1986),
and kriged contours will be generated only if appropriate Investigations to date indicate difficulty in identifying
the source of contamination because of the close proximity of several possible sources The statistical
technique of principal component analysis will be investigated as a method of identifying the releases from
different sources The ability to estimate the individual effects of multiple sources at intermediate sampling sites
will aid in the mapping of plumes and in the understanding of contaminant transport by the ground-water flow

system

Comparisons of analytical data from ground water and surface water will be made to investigate the
movement of contaminants from one pathway to another Temporal vanations of contaminant concentrations
in ground water and surface water will be evaluated both for seasonality and long-term trends to determine

contaminant migration rates

Analytical data from surficlal soll scrapes and vertical soil profiles will be evaluated in order to
charactenze the areal and vertical distribution of plutonium and amencium contamination at the 881 Hillside

Area

416 Task6 - Baseline Risk Assessment

A baseline nsk assessment will be prepared for the 881 Hillside Area as part of the Phase ill RFI/RI to
evaluate the potential threat to the public health and the environment in the absence of remedial action A risk
assessment was previously prepared as part of the draft FS (Rockwell International, 1988b) The baseline nisk
assessment will evaluate data collected during Phase Il and use information, as appropnate, developed in the

onginal risk assessment The baseline risk assessment will provide the basis for determining whether or not
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. remedial action 1s necessary in the area and serve as the justification for performing remedial action (U S EPA,
1988b)

Several objectives will be accomplished under the nsk assessment task including identification and

characterization of the following (U S EPA, 1988b)

. toxicity and levels of hazardous substances present in relevant media (e g, air, ground water,
soil, surface water, sediment, and biota),

. environmental fate and transport mechanisms within specific environmental media such as
physical, chemical, and biological degradation processes and hydrogeological conditions,

. potential human and environmental receptors,

. potential exposure routes and extent of actual or expected exposure,

. extent of expected impact or threat, and the likelihood of such impact or threat occurring (i e,
risk charactenization), and

. level(s) of uncertainty associated with the above

‘ The public health risk assessment and the environmental evaluation will be performed in accordance

with EPA and other guidance documents listed in Table 4-1 The nsk assessment will address the potential
public health and environmental impacts assoctated with the site under the no-action alternative (no remedial
action taken) This assessment will aid in the selection of site remedies based on the contaminants of concern

and the environmental media associated with potential risks to public health and the environment

41 6 1 Public Health Evaluation

The nisk assessment process Is divided into four tasks (U S EPA, 1988b), including

. Contaminant identification,
. Exposure assessment,
. Toxicity assessment, and
. Risk characterization
. The task objectives and description of work for each task are described below
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TABLE 4-1

EPA GUIDANCE DOCUMENTS WHICH WILL BE USED
IN THE RISK ASSESSMENT TASK

. Risk Assessment Guidance for Superfund, Human Health Evaluation Manual Part A, Interim Final (U S
EPA, 1989a)

. Superfund Exposure Assessment Manual (US EPA, 1988¢)

. Exposure Factors Handbook (U S EPA, 1989b)

. The Endangerment Assessment Handbook (US EPA, 1985)

. CERCLA Compliance With Other Laws Manual (U S EPA, 1988d)

. Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA (U S EPA,
1988b)

. Ecological Assessment of Hazardous Waste Sites A Field and Laboratory Reference (U S EPA, 1989c)
. Risk Assessment Guidance for Superfund - Environmental Evaluation Manual (U S EPA, 1989d)

. Data Quality Objectives for Remedial Response Activities Development Process (U S EPA, 1987)

. EPA'’s Integrated Risk Information System (IRIS) (U S EPA, continuously updated)

. Health Effects Assessment Summary Tables (HEAST) (U S EPA, updated quarterly)

. Office of Solid Waste and Emergency Response (OSWER) Directive on Soil Ingestion Rates (U S EPA,
1989¢)

. Superfund Risk Assessment Information Directory (RAID) (U S EPA, under revision)
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Contammant Identification

The objective of contaminant identification is to screen the information that is available on hazardous
substances or wastes present at the site and to identify contaminants of concern to focus subsequent efforts
in the nsk assessment process Previous work characterizing aspects of the Rocky Flats Plant and the
surrounding area has been done Additional sampling and analysis of vanous media will take place in order
to support the human health risk assessment, the ecological assessment and to characterize the site For
thisnisk assessment, all chemicals detected above background concentrations In site-associated media at
Operable Unit No 1 will be treated as site contaminants for the purpose of public health evaluation These

include

. Chemicals posttively identified in one or more samples in a given medium,
. Chemicals which have been tentatively identified and have historically been associated under
the site or confirmed by spectal analysis
The potential transformation products of stte-associated chemicals will be considered to the extent
possible by the availability of chemical-specffic transformation data and information regarding stte specific

environmental conditions (e g, potential for biodegradation)

All chemicals present below background will be eliminated from further consideration {n addttion, after
the completion of the exposure assessment, any site contaminants which appear to have no potential for
exposure will not be evaluated All chemicals that are deleted and the rationale for thew deletion will be

discussed

EXx A men

The objectives of the exposure assessment are to identfy actual or potential exposure pathways, to
characterize potentially exposed populations, and to determine the extent of exposure An exposure pathway

is comprised of four elements

1) a source and mechanism of chemical release to the environment,
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. 2) an environmental transport medium or media (e g, ar, ground water) for the released
constituent,

3) a point of potential contact of humans or biota with an affected medium (the exposure point),
and

4) an exposure route (e g, inhalation of contaminated dust) at the exposure point

The exposure assessment process will include the following actions

. analyze the probable fate and transport of compounds for both the present and the future uses,

. identify the human populations in the area, typical activities that would influence exposure, and
sensitive population subgroups,

. identify potential exposure pathways under current and future land use conditions,

. develop exposure scenarios for each identified pathway and select those scenanos that are
plausible,

. identify scenanos assuming both existing and potential future uses, and

. identfy the exposure parameters to be used in assessing the risk for all scenarios

. Appropnate exposure scenarnos will be identified for the site based on current and future receptor

subpopulations, including residents Another subpopulation which could potentially be considered is on-site

workers Factors to be examined In the pathway and receptor identification process will include

. Location of contaminant source,
. Local topography,
. Meteorology,

. Local geohydrology/surface water hydrology,

. Surrounding land use,

. Local water use,

. Prediction of contaminant migration, and

. Persistence and mobility of migrating contaminants

For each migration pathway and for current and future condiions, receptors will be identified and

characterized Potential receptors will be defined by the appropnate exposure scenarios
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To assess the potential adverse health effects associated with access to the site, the potential level of
human exposure to the selected chemicals must be determined Intakes of exposed populations will be
calculated separately for all appropriate pathways of exposure to chemicals Then for each population-at-risk,
the total chronic intake by each route of exposure will be calculated by adding the intakes from each pathway
Total oral, inhalation, and dermal chronic exposures will be estimated separately Chronic dalily intakes will be

calculated based on the upper 95 percent confidence limit of the exposure data

in general, chemical intakes will be estimated using available region-specific exposure parameters
developed by the EPA. Any dewviation from these parameters will be documented and submitted to the regional

EPA office for approval prior to preparation of the risk assessment

Toxicity Assessment

In accordance with EPA's risk assessment guidelines, the projected concentrations of all chemicals
above background at exposure points will be compared with ARARSs to judge the degree and extent of risk to
public health and the environment (including plants, animals, and ecosystems) Because many ARARs do not
exist for certain media (such as soils) nor are all ARARs necessanly health based, this comparison is not
sufficient in tself to satisfy the requirements of the rnisk assessment process Moreover, receptors may be
exposed to contaminants from more than one medium so that their total doses might exceed nisk reference
doses (RfDs) and/or might result in an excess cancer nsk greater than an acceptable target risk as defined
by EPA (ie, 10 “® to 10 **) Nevertheless, the comparnson with standards and criteria 1s useful in defining the

exceedance of institutional requirements Aside from the ARARSs listed in Table 2-13, the following critena will

be examined

. drinking water health advisories,

. ambient water quality criteria for protection of human health,

. Center for Disease Control and Agency for Toxic Substances and Disease Registry soil

advisories, and

. National Ambient Air Quality Standards
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Critical toxictty values (i e, numencal values derived from dose-response information for individual
compounds) will be used in conjunction with the intake determinations to characterize risk Toxicity reference
values from EPA's Integrated Risk information System (IRIS) will be used in preference to other EPA reference

values

A summary of any toxicological studies performed will be provided for all chemicals above background
in the baseline risk assessment The quality of these studies and their usefulness in estimating human health
risks will be described A more detailed explanation of the toxic effects of target chemicals will be provided
in the appendices to the human health risk assessment and the environmental evaluation Toxicty reference
values will also be summarized For the human health risk assessment, this will include a bnief descniption of
the studies upon which selected reference values were based, the uncertainty factors used to calculate RfDs,
and the EPA weight-of-evidence classification for carcinogens For those chemicals without EPA toxicity
reference values, a lterature search, including computer data bases, will be conducted for selected chemicals
A toxicity value will then if possible, be derived from this information EPA and CDH will be consuilted regarding
the appropriateness of the data and the methodologies to be used in deriving reference values Uncertainties

regarding the toxicty assessment will be discussed

Two different types of critical toxicity values will be used

. Risk reference doses (RfDs) for chronic exposure, and

. the carcinogenic potency factor (for carcinogenic chemicals only)

Rigk Charactenzation

Risk charactenization invoives integrating exposure assumptions and toxicity information to quantrtatively
estimate the nsk of adverse health effects Risk characterization will be performed in accordance with EPA

guidance

Noncarcinogenic risk will be evaluated by companson of contaminant intakes at exposure points to

chronic reference doses for protection of human health Carcinogenic risk will be quantified using carcinogenic
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potency factors Risk will be quairatively evaluated for those contaminants for which quanttative evaluation

1S not possible

An uncertainty analysis will be performed to identify and evaluate non-site and site specific factors that
may produce uncertainty in the nsk assessment, such as assumptions inherent in the development of
toxicological endpoints (potency factors, reference doses) Moreover, site-specific factors which may produce

uncertainty will also be discussed

The results of the baseline nsk assessment will be used to define and evaluate the remedial alternatives

during the FS

4162 Environmental Evaluation

The objective of the environmental evaluation for Operable Unit No 1 1s to determine if the
contaminants have caused or are causing any adverse environmental impact Data will be collected to help
determine the bio availability of contaminants to terrestrial and aquatic flora and fauna surrounding the site
That information, and data on the habitats and key ecological endpoints for those habitats will subsequently
be used in the ecological nsk assessment A separate environmental evaluation work plan has been prepared

by EG&G and is presented in Section 6 which specifies more detailed plans for the environmental evaluation

The environmental evaluation will be conducted according to guidance in the "Risk Assessment
Guidance for Superfund®, Volume {I, Environmental Evaluation Manual (U S EPA, 1989d) Previous studies,
including a radioecology study (Rockwell International, 1986f) and a Final Environmental Impact Statement
(U S DOE, 1980), as well as soils, sediment, and surface water chemical data and other biologically-important
parameters measured during other components of this R, will be used to assess current and future ecological
impacts from Operable Unit No 1 Addttional field and laboratory activities planned for this investigation will
be necessary to determine what effect contaminants at the 881 Hillside Area are having on the area’s flora and
fauna This will include tissue analyses of selected species to assess the exposure of these potential receptors
to site contaminants Field assessments of community organization, and the use of biomarkers where

applicable (e g reproductive success studies) will supplement these data
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Field surveys of aquatic invertebrates in Woman Creek and terrestrial organisms found within the 881
Hillside Area will be conducted to determine if these organisms have been adversely affected by contaminants
atthe site The aquatic survey will include an evaluation of biomass, relative abundance, species richness, and
community evenness The upper reaches of Woman Creek will be evaluated for use as a reference area for
companng resuits from the ste survey Similarity between stations will be evaluated using statistically

appropriate indices (Sorenson and/or Jaccard coefficients and Van Horn index of Similarity)

In addttion to the study of direct impacts on the macroinvertebrates using the stream as pnimary habaat,
the potential for indirect effects on wildife using the surface water for feeding and drinking will be evaluated
1o the extent data allow The terrestrial survey will estimate numbers of resident species, and make note of
therr food habits This information will be used to develop food web models and exposure-receptor pathway

models to evaluate the transport of contaminants from the 881 Hillside Area to biological receptors

Estimates of toxicity in environmental media may be either chemistry- or toxicity-based A chemistry-
based approach will include comparison of on-site water, air, soil, and/or sediment analyses with available
Iterature data to estimate toxicity For this evaluation toxicological endpoints for indicator or target species
will be chosen based on a review of available laboratory toxicity tests providing quantitative data for species
of concern In the absence of toxicological indices for the target species, toxicological endpoints will be
derived using safety factors that reflect interspecies extrapolation, acute-to-chronic extrapolations, and added
protection for endangered and/or threatened species If this analysis fails to explain the contaminant impact
on biota, the toxicity-based approach may be used This approach involves measurements of the biological
effects associated with exposure to complex mixtures Toxicity testing generally includes the use of acute and

chronic toxicity methods

Biochemical or physiological responses (biomarkers) in individual organisms can provide sensitive
indices of exposure or sublethal stress The evaluation of biomarkers can therefore provide an understanding
of the dynamics of community structure, such as abundance, diversity and nutnent utllization Biomarkers for
sublethal stress include overt symptomology such as skeletal abnormalties (lordosts, scoliosis), gas exchange

in plants, and measurable processes at the cellular and molecular level such as enzyme function Examples
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Blochemical or physiological responses (blomarkers) in individual organisms can provide sensitive
indices of exposure or sublethal stress The evaluation of blomarkers can therefore provide an understanding
of the dynamics of community structure, such as abundance, diversity and nutrient utilization Blomarkers for
sublethal stress include overt symptomology such as skeletal abnormalities (lordosis, scoliosis), gas exchange
in plants, and measurable processes at the cellular and molecular level such as enzyme function Examples
of biomarkers that may be considered for this assessment include microbial bioassay (microtox) and enzyme
function in small mammals [amino-lerulinic acid dehydrase (ALAD)] Procedures to be used for the field and
laboratory activities are presented in the "Ecological Assessment of Hazardous Waste Sites A Field and
Laboratory Reference (U S EPA, 1989c¢)

Conclusions of the environmental evaluation will be presented along with a discussion of the success

In meeting the study objectives and of the sources and degree of uncertainty in reaching those conclusions

417 Task 7 - Treatability Studies/Pilot Testing

A draft Treatability Studies Plan (TSP) (EG&G, 1990f) was prepared and submitted to the regulatory
agencies in September 1990 in accordance with the draft IAG schedule This document provides
comprehensive plans for treatability studies designed for remediation of waste sources, soils, and water at all
operable units at Rocky Flats Plant The Treatability Studies Program that is addressed by the TSP will serve
to determine the operability, reliability, cost-effectiveness, and overall implementability of technologies that are

appropriate for the types of contaminants and contaminated media at the Plant but are not adequately proven

The Treatability Studies Program is divided into two components which separately address practical
(i e, conventional) technologies and innovative/emerging technologies The separation of the two programs
allows immediate start on the testing of practical technologies and provides a framework for addressing
emerging technologies as they become available The TSP identifies practical technologies that are applicable
to the Rocky Flats Plant contamination, screens these technologies to determine candidates for treatability
studies, and provides statements of work for each candidate treatability study Subsequently, work plans will

be prepared for conduct of the treatability studies The treatability studies will then be performed, and a
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TABLE 4-2
TECHNOLOGIES IDENTIFIED FOR TREATABILITY STUDIES

Inorganics, Radi Met

Oxidation/Reduction and appropnate separation

Inorgant ion tals | I
Physical Separation (screening, classification, flotation, gravity concentration)
Soill Washing (water, acid, chelating agents)

Solidffication/Stabilization (silicate-based, pozzolanic-based)

rganics in Soil

Biological Treatment (bench-scale for semivolatiles)
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Practical Treatabilty Studies Report (draft report due in May 1993) may not permit full utilization of this
information for the Operable Unit No 1 CMS/FS report (draft report due in March 1993) However, the draft
IAG schedule for Operabie Unit No 1 calls for scoping of treatability studies specific to Operable Unit No 1
beginning in February 1992, with studies completed by October 1992 Dunng the scoping of treatability
studies, the need to acquire additional data on the practical technologies as well as the need to conduct
treatability studies for innovative/emerging technologies applicable to Operable Unit No 1 will be determined

Work plans will be subsequently prepared, as appropriate

418 Task 8 - Remedial investigation Report

A Draft Phase ill RFI/RI Report will be prepared to consolidate and summarize the data obtained dunng
Phases |, il, and Il Rl field work This report will

- Describe in detail the field activities which serve as a basis for the Rl report This will include any
deviations from the work plan which occurred during implementation of the field investigation

- Thoroughly discuss site physical conditions This discussion will include surface features,
meteorology, surface water hydrology, surficial geology, ground-water hydrology, demography
and land use, and ecology

- Present site charactenzation results discussing the nature and extent of contamination as well
as contaminant migration rates The media to be addressed will include contaminant sources,
soils, ground water, surface water, air, and biota All relevant quarterly ground water and surface
water data collected at the plant will be used in this assessment

- Discuss contaminant fate and transport This discussion will include potential migration routes,
contaminant persistence, and contarminant migration

- Present a baseline nsk assessment The nsk assessment will include human health and
environmental evaluations

- Present a summary and conclusions

42  FEASIBILITY STUDY TASKS

A CMS/FS s planned for the 881 Hiliside Area to evaluate remedial alternatives for clean up of
contaminated soils, ground water, and surface water Resuits of the Phase Ilf RFI/RI and baseline rnisk

assessment will indicate to what extent other remedial action is necessary for Operable Unit No 1
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As discussed in Section 2 5, the draft FS was incompiete in addressing the full extent and nature of

contamination The organization of the draft report is also not consistent with more recent EPA guidance

[Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA (U S EPA, 1988b)]

This section describes the tasks to be performed that conform with the EPA guidance

The CMS/FS process occurs in two phases The first phase consists of developing and screening
remedial alternatives, and the second phase includes a detailed analysis of alternatives (US EPA, 1988b)
Each of these two phases is discussed in the following sections

421 T -R 1al Alternativ vel t reenin

The goal of this task i1s to identify and screen remedial alternatives The work consists of four parts

. Identifying remedial technologies,

. Screening remedial technologies,

. Developing remedial alternatives, and
. Screening remedial alternatives

General response actions that may prove appropriate at the site were identified in Section 25 These
general response actions were identified 1n order to determine data gaps to be addressed in Rl activities For
each response action, potentially applicable remedsal technologies were identified These are also presented
in Section 25 As the Phase il RFI/RI progresses, additional potentially applicable technologies may be

determined

During screening, the broad expanse of potentially applicable technology types will be narrowed by
ehiminating those technologies that are not technically implementable Based on contaminant concentrations
and other site-specific information contained in the Phase Ill RFI/RI, non-implementable technology types will

be screened and eliminated from further consideration
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Technology process options will then be screened in order to select a representative process option
for each technology type that is technically impiementable Process options are compared and eliminated
based on their effectiveness relative to other processes within the same technology type The screening is
based on the volume of media to be treated, achievement of remediation goals, potential impacts on human
health and the environment, and the proven performance and reliability of the option considering the
contaminants and site charactenstics In addrtion to effectiveness, the process options will also be evaluated

based on administrative feasibility and relative cost

To develop alternatives, general response actions and the process options that are representative of
the various technology types for each medium will be combined to form aiternatives for the operable unit In
general, more than one response action is applicable to each medium Response actions and process options
will be assembled based primaniy on medium-specific considerations and implementability Descriptions of

each alternative will be developed for inclusion in the CMS/FS report

Duning alternative screening, the developed alternatives will be evaluated to ensure that they protect
human health and welfare and the environment from each potential pathway of concern at the operable unit
Treatment rates will be identified, and the size and configuration of on-site extraction and treatment systems
or containment structures will be developed The time frame in which treatment, containment or removal goals
can be achieved will be determined Lastly, spatial requirements for treatment units, containment structures,
staging of construction maternials, excavated wastes, etc will be determined If there are off-site actions such
as surface water discharge, a regulatory review will be conducted to determine permit and compliance

requirements

Alternatives will then be further defined to provide sufficient information to differentiate among
alternatives with respect to effectiveness, implementability and cost Each alternative will be evaluated to
determine its effectiveness in protecting human health and the environment, and in reducing toxicity, mobility
or volume of hazardous wastes or contaminated media As a consequence of reducing the toxicity, mobility

or volume, the inherent threats or risks assoctated with wastes are decreased
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Implementability 1s a measure of both the technical and administrative feasibility of constructing,
operating and maintaining a remedial action altermative It Is used during screening to evaluate the
combinations of process options with respect to the site-specific condtions Technical feasibility refers to the
ability to construct, reliably operate and comply with action-specific (technology-specific) requirements in order
to complete the remedial action Administrative feasibility refers to the ability to obtain required permits and
approvals, to obtain the necessary services and capactty for treatment, storage and disposal of hazardous

wastes, and to obtain essential equipment and technical expertise

Cost estimates for screening will be derived from cost curves, generc unit costs, vendor information,
conventional cost estimating guides and prior estimates made for Rocky Flats and similar sites, with
modifications made for Rocky Flats Plant condtions Absolute cost accuracy 1S not necessary The cost
estimates for the alternatives however, will have the same relative accuracy for comparison and screening
The cost estimating procedures used dunng screening are similar to those that will be used during the later
detailed alternatives analysts The later detalled analysis however, will receive more in-depth and detalled cost
estimates of the components of each alternative The screening cost estimates will include capital, operating,
and mamtenance costs The operating and maintenance costs will be calculated for the lfetime of the
treatment unit operation at the ste Present worth cost analysis will be used for alternatives in order to make

the costs for the various alternatives comparable

Alternatives with the most favorable resuits from the composite evaluation will be retatned for further
scrutiny dunng the detalled analysis Not more than ten alternatives will be retained for detalled analysis
(including containment and no action) At that time, t may be determined that additional site-specific
information or technology-specific treatability studies are necessary for an objective detalled analysis Also,
it will be necessary to identify and verify the action-specific ARARs that each respective alternative will be

required to meet

422 Task 10 - Detailed Analysis of Remedial Alternativ

The detatled analysis is not a decision-making process, but it is the process of analyzing and comparing

relevant information in order to select a remedial action Each alternative will be assessed against nine
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evaluation critena, and the assessments will be compared to identify the key tradeoffs among the alternatives
Assessment against the nine evaluation critena is necessary for the CMS/FS and the subsequent Corrective

Action Decision (CAD)/Record of Decision (ROD) to comply with the requirements of RCRA/CERCLA

4 221 Alternative Analysis Against Nine Evaluation Criteria

rall Protection of Human Health and the Environmen

The alternatives will be indwvidually analyzed to determine if the alternative provides adequate protection
of human heaith and the environment The protectiveness evaluation focuses on how the rnisks posed by each

pathway are being ehminated, reduced or controlled by treatment, engineening or institutional measures

Comphance with ARARs

Each alternative will be analyzed to determine whether it will comply with all state and federal ARARs
that have been identfied The analysis will address compliance with chemical-specific, location-specific and
action-specific ARARs If an alternative will not comply with an ARAR, the CMS/FS report will present the basis

for justifying a waiver

Long-Term Effectiveness and Permanence

This criterion assesses the nisks that are left at the site after the response objectives have been met
The nisks associated with any remaining untreated wastes or treatment residuals will be evaluated For each
alternative, the magnitude of the residual risk, and the reliability and adequacy of the controls used to manage

untreated wastes and treatment residuals will be addressed

R tion_of Toxicity, Mobility or Volume Thr Treatmen

This criterion evaluates the statutory preference of selecting remedial actions that permanently reduce

toxicity, mobility, or volume of the hazardous materials Factors evaluated for each alternative will include the
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proposed treatment process and the matenials treated, the quantity of matenals to be treated or destroyed, and
how the pnmary hazardous threat will be addressed, the estimated degree of the reduction in toxicity, mobility
or volume that will be achieved, the extent to which the treatment will be wreversible, the type and quantity of
treatment residuals that will remain following treatment, and a determination if the alternative will comply with

the statutory preference for treatment

Short-Term Effectiveness

Short-term effectiveness refers to the effects an alternative may have dunng the construction and
implementation phases until the cleanup objectives have been achieved Alternatives will be evaluated to
determine the effects on human health and the environment dunng implementation Each alternative will be
assessed against the following factors protection of the community and workers during the remedial action,

environmental impacts, and the time required to achieve the remedial action objectives

implementabil

This criterion assesses the technical and administrative feasibility of implementing an alternative, and
the availability of the necessary services and matenals The following factors will be analyzed during the
implementability assessment the technical feasibility of construction and operation, the reliability of the
technology, the practicability of employing additional remedial actions, the ability to monitor the effectiveness
of the remedial action, administrative coordination with other offices and agencies, the availabllity of adequate
off-site hazardous (or mixed) waste treatment, storage and disposal, and the avatlability of equipment, expertise

and other services and matenals

Costs

An in-depth cost estimate will be conducted, and f necessary, a cost sensitivity analysis will be
prepared to evaluate costing assumptions Capital costs include direct construction costs and indirect non-
construction costs and overhead costs Operating and maintenance costs are incurred after construction in

order to operate the remedial action on a continuous basis until the remedial action objectives have been
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achleved CMS/FS cost estimates are expected to be within an accuracy range of minus 30 percent to plus

50 percent |f this accuracy cannot be achieved, it will be stated in the CMS/FS report

A cost sensitivity analysis may be conducted to determine the effect that specific cost assumptions have
on the total estimated cost of an alternative The cost assumptions will be based on site-specific data,
technological operating data, etc aithough the assumptions will be subject to varying degrees of uncertainty

depending on the accuracy of the data

tate A tan

This criterion addresses the state's administrative and technical issues and concerns with each of the

alternatives

Community Acceptance

Community acceptance addresses the public’s concerns and Issues with each of the alternatives

4 2 2 2 Comparison of Alternatives

The CMS/FS report will contain a narrative discussion of each alternative’s evaluation against the nine
critenia The narrative will describe how each alternative addresses the technical treatability issues, long-term
and short-term effectiveness, costs, protection of human health and the environment, compliance with ARARs,
etc Once the alternatives have been described, a comparative analysis will be conducted to evaluate the
relative performance of each alternative The relative advantages and disadvantages of each alternative with
respect to the other alternatives will be determined in order to assess the key tradeoffs that must be made in
selecting a remedial action A candidate alternative must generally attain the pnmary objectives of compliance
with ARARs and overall protection of human health and the environment in order for #t to be eligible for
selection as the remedial action A narrative discussion of the alternatives companson describing the tradeoffs,

and the benefits and detriments of each alternative in comparison to the others will be inciuded in the CMS/FS

report
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Following completion of the CMS/FS process, the results of the detailed alternatives comparison and
nsk management will be used as the rationale for selecting a preferred alternative and a remedial action
Although the purpose of the CMS/FS report and process is not to select a remedial action, it will present and
evaluate the alternatives in sufficient detail in order to objectively consider all significant issues and select a

feasible, cost-effective and defensible remedial action

423 Task 11 - Feasibility Study Report

The CMS/FS Report will present the results of the feasibility study The report will include sections
describing site background, nature and extent of problem, results of the RFI/RI, nsk assessment and
environmental evaluation, identification, screening and detailled evaluation of remedial alternatives, and the
recommended remedial actions This task includes preparation of a Draft CMS/FS report, and preparation of
a Final CMS/FS that incorporates EPA and CDH comments An outline for the CMS/FS report is shown In
Table 4-3
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TABLE 4-3
CMS/FS REPORT FORMAT

Executive Summary
1 Introduction

11
12

Purpose and Organization of Report

Background Information (summanzed from Rl Report)
121 Site Description

122 Site History

123 Nature and Extent of Contamination

124 Contaminant Fate and Transport

125 Baseline Risk Assessment

2 Identification and Screening of Technologies

21
22

23

24

introduction

Remedial Action Objectives

Present the development of remedial action objectives for each medium of interest (1 e , ground
water, soil, surface water, arr, etc)

For each medium, the following should be discussed

- Contaminants of interest

- Allowable exposure based on risk assessment (including ARARS)

- Development of remediation goals

General Response Actions

For each medium of interest, describes the estimation of areas or volumes to which treatment,
containment, or exposure technologies may be applied

Identification and Screening of Technology Types and Process Options - For each medium of
interest, descnbed

241 |dentification and Screening of Technologies

242 Evaluation of Technologtes and Selection of Representative Technologies

3 Development and Screening of Alternatives

31

32

Development of Alternatives
Describes rationale for combination of technologies/media into alternatives Note This
discussion may be by medium or for the ste as a whole
Screening of Alternatives
321 Iintroduction
322 Aiternative 1
3221 Descnption
3222 Evaluation
323 Alternative 2
3231 Description
3232 Evaluation
324 Alternative 3

4 Detailed Analysis of Alternatives

41
42

43
Bibhography
Appendices

Introduction

Indvidual Analysis of Alternatives

421 Alternative 1
4211 Descnption
4212 Assessment

422 Alternative 2
4221 Description
4222 Assessment

423 Alternative 3

Comparative Analysis
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TABLE 4-3
CMS/FS REPORT FORMAT

Executive Summary
1 introduction

11
12

Purpose and Organization of Report

Background Information (summarized from Rl Repon)
121 Site Description

122 Stte History

123 Nature and Extent of Contamination

124 Contaminant Fate and Transport

125 Baseline Risk Assessment

2 identification and Screening of Technologies

21
22

23

24

Introduction

Remedial Action Objectives

Present the development of remedial action objectives for each medium of interest (i e , ground
water, soil, surface water, arr, etc)

For each medium, the following should be discussed

- Contaminants of interest

- Allowable exposure based on risk assessment (including ARARs)

- Development of remediation goals

General Response Actions

For each medium of interest, describes the estimation of areas or volumes to which treatment,
containment, or exposure technologtes may be appiied

Identification and Screening of Technology Types and Process Options - For each medium of
interest, described

241 Identication and Screening of Technologies

242 Evaluation of Technologies and Selection of Representative Technologies

3 Development and Screening of Alternatives

31

32

Development of Alternatives
Descrnibes rationale for combination of technologies/media into alternatives Note This
discussion may be by medium or for the site as a whole
Screening of Alternatives
321 Introduction
322 Alternative 1
3221 Description
3222 Evaluation
323 Alternative 2
3231 Description
3232 Evaluation
324 Alternative 3

4 Detailed Analysis of Alternatives

41 Introduction
42 Individual Analysis of Alternatives
421 Alternative 1
4211 Description
4212 Assessment
422 Alternative 2
4221 Descniption
4222 Assessment
423 Alternative 3
43 Comparative Analysis
Bibliography
Appendices
FINAL PHASE III RFI/RI WORK PLAN - B81 HILLSIDE AREA OCTOBER 1990

ROCKY_FLATS PLANT

LDEN COLORADO Pace A.28

¥y

B

watlad



SECTION §
PHASE Ili RFI/RI FIELD SAMPLING PLAN

The overall objectives of the Phase Ill RFi/RI are source charactenzation and better definition of the
nature and extent of soils, alluvial ground water, bedrock ground water, and surface water contamination
Within these broad objectives, site specific data objectives and needs have been identified in Section 3 The
purpose of this section is to provide a detailed field sampling plan which will satisfy these data objectives and

needs

All field operations will include appropriate measures to protect the environment and field workers as
specified in the Operational Safety Analysis document prepared by EG&G (1989) The most current version
of this document will be consuited at the time field operations begin Such precautions may include, for
example, pre-drilling screening for radionuclide and other hazards, containenzation of drill cuttings and/or
ground water that is removed from wells for pre-sample purging, and monttoring and/or mitigation of amblent

air hazards dunng field work

51 SOQURCE CHARACTERIZATION

Further source characterization 1s required for sites within Operable Unit No 1 Boreholes will be drilled
into IHSSs to characterize any waste materials remaining In place and to assess the maximum contaminant
concentrations In soils directly beneath the sites In addition, ground-water monitoring wells will be installed
adjacent to some of the boreholes to charactenze ground-water qualirty directly beneath the sites This section
discusses those wells and boreholes which will be drilled for source characterization Wells to be drilled
outside of IHSSs for charactenzing the extent of contamination are discussed in Section 512 All proposed
Phase Ill RFi/RI welis are shown on Figure 5-1 Drilling, sampling, and well installation will follow the Rocky

Flats Plant ER Program SOP (EG&G, 1990c)

Boreholes to be drilled into IHSSs will extend from the ground surface to the base of weathered
bedrock Continuous samples will be collected for geologic descriptions for the entire borehole depth  From

this core, discrete samples will be submitted for laboratory chemical analyses every two feet from the ground
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surface to the water table in addition, a discrete sample will be submitted for laboratory chemical analysis if
staining, discoloration, or odor is observed during drilling A discrete sample will also be collected for chemical
analysis at the water table Core from saturated surficial materials will not be submitted to the laboratory, as
the presence of water in this zone will affect interpretation of chemical results In order to prevent alluvial
ground water from affecting weathered bedrock samples, surface casing will be grouted into the borehole
through surficial materials Subsequent to grout hardening, the borehole will then be advanced through
weathered bedrock with continuous sampling Discrete samples from the core will ba submitted to the
laboratory for chemical analysis from two feet immediately below the casing and every four feet thereafter to
the base of weathering To further characterize weathered bedrock immediately beneath the sites, fracture
patterns (both degree of fracturing and vertical extent) will be noted on the borehole logs and in situ packer
tests will be performed in the bedrock where drilling conditions aflow

Alluvial ground-water monitoring wells will be installed adjacent to some boreholes to characterize
ground-water qualrty directly beneath IHSSs In addition, bedrock welis will be installed adjacent to boreholes
where weathered sandstone is encountered to evaluate the potential downward migration of contaminants
Wells will be drilled, sampled, and completed in accordance with the Rocky Flats Plant ER Program SOP
(EG&G, 1990c) Source characterization borehole and monttor well locations are discussed in the following

sections

511 m ion

5111 Oil Sludge Pt Site (IHSS Ref No 102)

The location of IHSS 102 has been revised from that shown in the Phase Il Rl report (Rockwell
International, 1988a) based on further review of historical aerial photographs Specifically, the Oil Sludge Pit
Site appears on a 1955 aerial photo Also evident on the 1955 photos Is seepage from the pit as shown on
Figure 5-1 The pit was covered after ts use (Rockwell International, 1987c), and it is no longer visible on 1959
aerial photographs Additional sol and ground-water sampling are needed within, surrounding, and
downgradient of IHSS 102 to document its location and to evaluate the nature and extent of potential

contamination downgradient of the site
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Two borings are proposed within this site to document its presence and location (Figure 5-1)
Boreholes BHO1 and BH02 will be drilled and sampled within the revised site location to identify the nature and
maximum concentration of any contaminants associated with IHSS 102 Colluvial monitor well MWO1 will be
completed adjacent to BHO1 to monitor ground-water quality directly beneath the site

In order to assess the nature and extent of soil and ground-water contamination downgradient of the
Ol Sludge Pt Site, five boreholes are proposed in the area of staining directly south of the site Boreholes
BHO3, BHO4, and BHOS will all be drilled and sampled within the area of seepage from IHSS 102 identified on
1955 aenal photographs A colluvial monitor well (MW02) will also be installed adjacent to borehole BH04 to
assess ground-water flow directions and quality in this area Boreholes BH06 and BHO7 are proposed
downgradient of the seepage area to assess the extent of soil contamination As the proposed french drain
at the 881 Hillside 1s upgradient of the apparent seepage from IHSS 102, boreholes BH03, BH0S, and BH06
will be drilled and sampled during the french drain drilling program to evaluate its proposed alignment (Section
53)

Additional boreholes are proposed within and surrounding the former retention pond along Woman
Creek to characterize soill and ground-water conditions in this area Two boreholes (BH08/MW33 and BH09)
will be drilled within the former pond location, and two alluvial monitor wells (MWO03 and MW33) are proposed
south and southwest of the former pond These wells will serve to characterize the Woman Creek valley fill

alluvial ground water downgradient of INSS 102

5 1 12 Chemical Burial Site (IHSS Ref No 103)

No boreholes or monitor wells were installed directly within IHSS 103 during previous investigations
Additional drilling and sampling are thus needed to characterize this site Three boreholes (BH10, BH11, and
BH12) are proposed within the IHSS to identfy the nature and maximum concentration of potential
contaminants A colluvial monttor well (MW04) will be completed adjacent to BH10 to charactenze ground
water directly beneath the site, and colluvial monitor well MWO5 will characterize ground-water quality
immediately downgradient of the site The exact focation of MWOS should be evaluated at the commencement

of the dniling program to incorporate all available data on the potentiometric surface in that vicinty
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5113 Liquid Dumping Site ((HSS Ref No 104)

A site east of Building 881 was reportedly used for disposal of unknown liquids and empty drums prior
10 1969 (U S DOE, 1986) The site was located as shown on Figure 5-1 by Rockwell Intemnational (1987¢)
based on 1965 aenal photographs, however, further review of these photographs indicates this site may be a
shadow on the photo. Based on their description, it is suspected that IHSSs 103 and 104 are actually the same
site However, the Phase lil RFI/RI will include sampling and analysis of soils at the originally reported Liquid
Dumping Site location to document its presence or lack thereof Two boreholes will be drilled within this
reported IHSS location (BH13 and BH14)

5114 Out-of-Service Fuel Oil Tanks (IHSS Ref Nos. 105 1 and 105 2)

These two sites were effectively taken out of service in 1976 This is presumably when they were filled
with asbestos containing materials and then with concrete As the matenals Inside the tanks are solidified, they
do not pose an environmental hazard In addition, the tanks tested tight in 1973 when they were pressure
tested However, in order to document the lack of soil contamination associated with these tanks, two adjacent
boreholes (BH15 and BH16) and two downgradient boreholes (BH17 and BH18) are proposed

5115 Outfall Site (IHSS Ref No 106)

The Outfall Site consists of a six inch diameter vitrified clay pipe which is an overflow line from the
sanitary sewer sump in Building 887 Discharge from this pipe was observed in December 1977 (Rockwell
International, 1987c), however, subsequent discharges have not been noted Phase lil RFI/RI activities at this
site will include verifying the connection between the outfall pipe and Building 887 (original reports of the
discharge indicated this was a clean-up pipe for an overflow hine from the Building 881 cooling tower) as well

as sol and ground-water sampling downgradient of the outfall

In order to ventfy the source of IHSS 106, water will be introduced to the outfall pipe from the Building
887 sewer sump, and the outfall on the hillside will be observed for discharge If the water Is observed at the
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outfall, then the Buliding 887 sewer sump is the source of IHSS 108, and measures will be taken to contain any
future discharges. if the Building 887 sewer sump is not the source of IHSS 106, further review of construction
drawings for Buildings 881 and 887 and discussions with Plant personnel will be needed to identify the source
of this outfall

Soll and ground-water contamination may exist downgradient of the Outfall Site due to previous
releases from the site In order to characterize any contamination, two boreholes (BH19 and BH20) will be
drifled and sampled immediately below the outfal A colluvial monitor well (MWO06) will be instalied adjacent
to borehole BH19 to evaluate ground-water quality beneath the outfall

5116 Hiliside Ol Leak Site (IHSS Ref No 107)

The Hiliside Oil Leak Site was originally designated as an IHSS because of an oil leak at this location
in May, 1973 (Rockwell International, 1987c) it was later discovered that the oil had emerged through the
Bullding 881 footing drain outfall, and a ditch and skimming pond were buiit to contain the oil (Owen and
Steward, 1973) The skimming pond is still present, although, no oil has been observed in the outfall since
1973 (Rockwell International, 1987c) During the 881 Hillside Phase il Rl, volatile organic compounds were
detected in the outfall pipe discharge and in the skimming pond (Rockwell International, 1988a)

There are thus two issues associated with the Hiliside Oil Leak Site
1) the nature and extent of soil and ground-water contamination potentially resuiting from the
original hillside oil leak, and

2) the source of volatile organic contaminants currently found in the Building 881 footing drain
outfall

LI‘wo footing drains extend south from the Building 881 foundation (Figure 1-6) The western line joins
the eastern line near the southeast corer of Building 885 This line then runs south where it daylights into the
skimming pond The first step of this source investigation will consist of determining which of the two footing
drains is the source of volatile organics at the footing drain outfall This will be accomplished by sampling the

effiuent in each footing drain line through a manhole located just south of their junction The line (or lines)
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responsible for contaminants at the outfall will then be sampled at clean-out points (if accessible) along its
length to further isolate the contaminant source

Sall, ground-water, and surface water samples will be collected within IHSS 107 In order to characterize
the nature and extent of contamination Soll samples will be collected from boreholes within the skimming
pond Boreholes BH21 and BH22 are proposed and will be advanced to refusal using a hand auger MW17
will be installed to assess ground-water quality Rottine surface water sampling will continue at stations SW-
44 and SW-45

5117 Multiple Solvent Spill Sites (IHSS Ref Nos 119 1 and 119 2)

IHSSs 119 1 and 119 2 were used from 1967 to 1972 for barrel storage Aithough the exact types and
quantities of wastes stored at these sites are unknown, the barrels likely contained cutting oil wastes and
solvents Spills and leaks from these drums likely occurred during the period of drum storage Barrel storage

locations within the sites are shown on Figure 5-1

IHSS 11

A total of ten boreholes are proposed within the western barrel storage area to characterize the nature
and extent of soil contamination associated with this site Boreholes BH23 through BH32 will be drilied and
sampled within the drum storage areas as shown on Figure 5-1 In addition, colluvial monitor wells MW07,
MWo08, MW09, MW10, and MW11 will be installed to evaluate ground-water quality beneath the stte and at the

downgradient edge of the site

IHSS 11

Seven boreholes (BH33 through BH39) are proposed within the barrel storage areas of IHSS 1192 to
evaluate the nature and extent of potential soil contamination Monitor wells MW12 and MW13 will serve to

monitor ground-water quality at the site’s east-southeast downgradient edge
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5118 Radioactive Site No 1-800 Area ({HSS Ref No. 130)

This site was used to dispose of soll contaminated with low leveis of plutonium between 1969 and 1972
Radionuclides were not abave background levels in soll samples collected from this site during the Phase | and
Phase il Rls However, additional soil samples will be collected from eight boreholes during the Phase IHI
RF1/RI to verify this finding Boreholes BH40 through BH47 will be drilled and sampled through the site to
assess the nature and extent of soil contamination in addition, colluvial monitor wells MW14, MW15, and
MW16 will be installed adjacent to boreholes BH45, BH46, and BH47, respectively, to monitor water quality
at the downgradient edge of this site

5119 Santtary Waste Line Leak Stte (IHSS Ref No 145)

IHSS 145 Is an area at the southeast corner of Bullding 881 where the sanitary sewer leaked in January
1981 No hazardous or radioactive constituents were released to the environment by this leak and the leak
was repaired (Rockwell international, 1987c), so contamination is not expected at this site However, two
boreholes BH48 and BH49 are proposed to check that indications of possible contamination in the nearby well
1-87 are not from this IHSS MW18 will also be installed to monitor ground water downgradient of the site

51110 Building 885 Drum Storage Site (IHSS Ref No 177)

Building 885 is currently used for satellite collection and 90-day accumulation of RCRA regulated
wastes A plan for soil sampling at this site is provided in the RCRA Interim Status Closure Plan which is
appended to the revised Post-Closure Care Permtt Application for Hazardous and Radioactive Mixed Wastes
at the Rocky Flats Plant (Rockwell International, 1988d) Since ground water must be addressed under the
RF1/RI program, a borehole (BH50) will be dnlled downgradient from IHSS 177, and monitor well MW19 will
be instalied adjacent to BHS0
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512 SAMPLE ANALYSIS

51 21 Chemical Analysis of Solt Samples

Soll samples will be collected from boreholes within and adjacent to IHSSs to characterize sources.
All samples will be analyzed for the chemical parameters listed in Table 5-1 following CLP methods or the
methods specified inthe GRRASP These parameters are essentially the same as those analyzed in the Phase
1 Rl except that oil and grease and RCRA characteristics are eliminated Ol and grease have not proven useful
in determining extent of soll contamination, and RCRA hazardous waste characteristics have been within
acceptable limits. Total petroleum hydrocarbons were added to the analyte list for IHSSs 102 and 105 where
fuel ol is a potential contaminant With a few exceptions, the TCL list for organics and the TAL list for
inorganics are the same as the previously used HSL list for organics and inorganics The laboratory will be
expected to analyze constituents to a detection limit at or below ARARs If that Is not possible for some

samples, the laboratory must provide a complete explanation for the reason(s)

§ 12 2 Soil Blanks

Use of soil blanks is not necessarily standard protocol in the collection of soil samples for subsequent
chemical analysis. in the Phase | and I Ris, methylene chioride, acetone, and phthalates appear to be
contaminants in samples that were introduced through sample handiing or sample analysis Soil blanks
were not used in the previous investigation but appear necessary to confirm these findings An investigation
will be designed to determine the source of phthalate contamination in soil samples and the need for soil
blanks If appropnate, an alternative to previous field methods sampling will be implemented to avoid phthalate
contamination from sampling handling in the future The laboratory wili be expected to avord contamination

of samples with volatile organics and phthalates using appropriate procedures ;
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TABLE 5-1
. PUASE 111 RFL/RI
SOIL AND VASTE SANPLING PARAMETERS

METALS
Target Analyte List - Metals

Aluminum
Ant imony
Arsenic
Barium
Berytlium
Cadmium
Catcium
Chromium
Cobalt
Copper
Iron
Lead
Magnestum
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sod{ium
Thallium
Vanadium
2inc

Other Metals
Mol ybdenum
. Cesium
Strontiun

Lithwum
Tin

INORGANICS
pH
Nitrate
Percent Solids
Sutfides

ORGANICS
Target Compound List - Volatiles

Chloromethane
8romomethane
Vinyl Chloride
Chloroethane
Methylene Chloride
Acetone
Carbon Disul fide
1,1-Dichloroethene
1,1-Dichloroethane
total 1,2-Dichloroethene
Chloroform
1,2-Dichloroethane
2-Butanone
1,1,1-Trichloroethane
Carbon Tetrachloride
Vinyl Acetate
Bromodichloromethane
1,1,2,2-Tetrachloroethane
1,2-Dichloropropane

. trans-1,2-Dichloropropene
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TABLE 5-1 (Continued)

PRASE 111 RFI/RI

SOIL AND VUASTE SANPLING PARAMETERS

ORGANICS (CONT.)

Target Compound List - Volatiles (Continued)

Trichloroethene
Dibromochloromethane
1,1,2-Trichioroethane
Benzene
cis-1,3-0ichioropropene
Bromoform

2-Hexanone
4-Nethyl-2-pentencne
Tetrachloroethene
Totuene
Chtorobenzens

Ethyl Benzens
Styrene

Total Xylenes
1,1-Dichloroethane

Other Organics

Totsl petroleum hydrocarbons*

Target Compound List -- Semi-volatiles

Phenol

bis(2-Chloroethyl )ether
2-Chtlorophenol
1,3-Dichlorobenzens
1,4-Dichlorobenzene

Benzyl Alcohol
1,2-Dichlorobenzene
2-Methylphenol
bis(2-Chloroisopropyl )ether
4-Methylphenol
N-Nitroso-Dipropylamine
Hexschloroethane
Nitrobenzene

1sophorone

2-Nitrophenot
2,4-0Oimethylphenol

Benzoic Acid
bis(2-Chloroethoxy)methane
2,64-Dichiorophenol
1,2,4-Trichlorobenzene
Naphthalene
4-Chloroaniline
Hexschiorobutadiene
4-Chloro-3-methylphenol(para-chloro-meta-cresol)
2-Nethylnaphthatene
Hexachlorocyelopentadiene
2,4,6-Trichlorophenol
2,4,5-Trichlorophenol
2-Chloronaphthalene '
2-Kitroamiine
Dimethylphthalate
Acenaphthylene
3-Nitroamline
Acenaphthene
2,4-Dimtrophenol
4-Kitrophenol

Dibenzofuran
2,4-Dinmitrotoluene
2,6-Dinitrotoluene
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. TABLE 5-1 (Continued)

PRASE 111 RFI/R]
SOIL AND UASTE SAMPLING PARAMETERS

ORGANICS (CONT.)

Target Compound List -- Semi-volatiles (continued)
Diethyiphthalate
4-Chlorophenyl Phenyl ether
Fluorens
4-Hitrosniline
4,6-Dinitro-2-methylphenol
N-nitrosodiphenyl amine
4-Bromophenyl Phenyl ether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Di-n-butylphthalate
Fluoranthene
Pyrene
Butyl Benzylphthalate
3,3'-Dichlorobenzidine
Senzo(a)anthracene
bis(2-ethylhexy! )phthalate
Chrysene
Di-n-octyl Phthalate
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene
Dibenz(a, h)anthracens

. Benzo(g,h,i)perylene

Target Compound List -- Pesticides/PCBs
alpha-BHC
beta-B8HC
del ta-8HC
gamme-BHC (Lindane)
Heptachior
Aldrin
Heptachlor Epoxide
Endosulfan 1
Dieldrin
4,4'-DDE
Endrin
Endosul fan 11
4,4-DDD
Endosul fan Sul fate
4,4'-007
Endrin Ketone
Methoxychlor
alpha-Chlordane
gamma-Chlordane
Toxaphene
AROCLOR-1016
AROCLOR- 1221
AROCLOR-1232
AROCLOR- 1242
AROCLOR- 1248
AROCLOR- 1254
AROCLOR- 1260
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TABLE 5-1 (Continued)

PHASE 111 RFI/RI
SOIL AMD WASTE SANPLING PARAMETERS

RADIONUCLIDES
Gross Aipha
Gross Beta
Uranfum 2334234, 235 and 238
Amaricium 241
Plutonium 239+240
Tritium
Strontium 90, 89
Cesium 137

NOTE * Analytes for SwMUs 102 and 105 only.
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52 NATURE AND EXTENT OF CONTAMINATION

in addition to source characterization, the Phase |if RFi/RI will focus on additional ground-water, surface
water, and sediment sampling to further characterize the nature and extent of contamination in each of these

media ansing from the IHSSs These sampling programs are outlined in detail below

521 Ground Water

52 11 Monttor Well Locations

Based on data collected during the Phase | and Il investigations, volatile organics are present in the
unconfined ground-water flow system at the 881 Hiliside Area The extent of contamination is not fully
delineated, and additional monitor wells are needed to define the vertical and lateral extent of the organics
Potential major ion, trace metal, and radionuchde impacts to ground water were not well charactenzed in the
Phase Il Rl report due to the lack of appropriate background ground-water quality data Presented below
are proposed monitor well locations and rationale to further characterize ground-water flow and qualtty in the
unconfined flow system within Operable Unit No 1 Bedrock wells will be installed adjacent to alluvial wells

where sandstone is encountered

radient Well

Four new alluvial monttoring wells are proposed upgradient of the 881 Hillside Area to charactenze the
quality of ground water entering the stes These wells (MW20, MW21, MW22, and MW23) will all be completed
in Rocky Flats Alluvium  MW20 and MW21 will be located east and north, respectively, of Building 881, and
wells MW22 and MW23 will be located on the Rocky Flats Alluvium terrace north of IHSSs 1191 and 1192

(Figure 5-1)
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SWMUs 119.1 and 130
o

Three alluvial and three bedrock wells will be installed downgradient of IHSS 1191 to further
characterize the extent of volatile organics detected in weils 48-87, 10-74, 9-74, and 4-87 Aliluvial well MW24
will be located between 9-74 and 4-87 and will be completed in colluvial gravel Data from this well will serve
to further characterize the transport of contaminants found in welis 8-74 and 43-87 to well 4-87 Alluvial wells
MW25 and MW26 will further delineate the extent of colluvial saturation and water quality south of IHSSs 119 1
and 130

Further investigation of the bedrock sandstone at well 5-87 Is also proposed for the Phase ill RFI/RI,
because TDS, strontium, and selenium were elevated during 19898 Three wells (MW27, MW28, and MW29) are
proposed for completion in this sandstone (Figure 5-1) As the extent and orientation of the sandstone and
the ground-water flow direction within the sandstone are uncertain, these wells will be located in presumably
upgradient (west), sidegradient (south), and downgradient (east) directions. Water level data from the wells

. will then be used to determine ground-water flow directions.

Souyth Interceptor Ditch

In addition to well MWO02, three other colluvial montor wells will be installed along the South Interceptor
Ditch These wells (MW30, MW31, and MW32) will serve to monitor ground-water quality and levels adjacent
to the ditch (Figure 5-1), and the resulting data will be used to evaluate the interaction between South

Interceptor Ditch surface water and unconfined ground water

Woman Creek Valley Fill Allyviym

Further characterization of valley fill water quality and the surface water/ground-water interaction are
also needed along Woman Creek downgradient of the 881 Hillside Area Wells MW33, MW34, and MW35, in
addttion to well MWO3, will all be completed in Woman Creek valley fill alluvium (Figure 5-1)

FINAL PHASE 111 RF1/RI WORK PLAN - 881 HILLSIDE AREA OCTOBER 1990
ROCKY FLATS PLANT + COLORADO PAGE §-16
eghg\B81\ri-ts\sec~-5 oct



5 2 1 2 Chemical Analysis of Ground-Water Samples

Ground-water samples will be collected on a quarterly basis from ali new and existing monitoring wells
at the 881 Hillside Area upon completion of well development Samples will be analyzed for the parameters
fisted in Table 5-2 during the first round of sampling after completion of new wells This parameter list may be
reduced in subsequent quarterly sampling events if certain parameter groups are not detected or are not
significantly above background levels and if approved by EPA and CDH Ground-water samples will be
analyzed in the field for pH, conductivity, and temperature Sample aliquots designated for metals, plutonium,
americium and tritium analyses will be filtered in the field Samples will be preserved in the field and analyzed

in the laboratory for the parameters listed in Table 5-2

5 2 1 3 Hydraulic Testing

In order to further characterize hydraulic conductivity values of geologic materials in the 881 Hiliside
Area, hydraulic tests will be performed in all newly installed monitor wells subsequent to well development
These tests may be slug tests, ball down-recovery tests, or single hole pumping tests depending on the
sustainable flow rate from a given weil Hydraulic test data will be analyzed using a method appropriate to the
field test method

Slug Tests Bouwer and Rice (1976)

Ball-down/Recovery Tests  Thels (1935), Thiem (1906), or Cooper et al (1967)
Single Hole Pumping Tests Thels (1935), Cooper and Jacob (1964)

Multi-Well Pumping Tests  Theis (1935), Cooper and Jacob (1964)

Tracer Injection Tests Ogata (1970)

In addition, muiti-well pumping and tracer tests will be performed along Woman Creek to further characterize

the valley fill alluvium as discussed below Vertical hydrautic gradients will be determined from water level data
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TAME 5-2

PHASE 111 RFI/RI
GROUND-UATER SANPLING PARAMETERS

FIELD PARAMETERS

[+
Specific Conductance

Temperature
INDICATORS
Total Dissolved Soljds
ph

DISSOLVED METALS
Target Analyte List - Metals

Aluminus
Ant imony
Arsenic
Barium
Beryliium
Cadmium
Calcium
Chromium
Cobalt
Copper
lron
Lead
Maghesium
Manganese
Nercury
Nicket
Potassium
Selenium
Silver
Sodium
Thellium
Vanadium
2inc

Other Metals
Mol ybdenum
Strontium
Cesium
Lithium
Tin

ANIONS

Carbonate
Bicarbonate
Chloride

Sul fate
Nitrate as N
Cyanide
fluoride

ORGANICS

Target Compound List - Volatiles
Chioromethane
Bromomethane
Vinyl Chloride
Chloroethane
Methylene Chloride
Acetone
Carbon Disulfide
1,1-Dichloroethene
1,1-Dichloroethane
total 1,2-Dichloroethene
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TABLE 5-2 (Continued)

PHASE L11 RFI/RL
GROUND-UATER SANPLING PARANETERS

ORGANICS (CONMT.)
Target Compound List - Volatiles (Continued)

Chloroform

1,2-Dichloroethane
2-Butanone
1,1,1-Trichloroethane

Carbon Tetrachloride
Vinyl Acetate

8romodichloromethane
1,1,2,2-Tetrachloroethane
1,2-Dichloropropane
trens-!,3-Dichtoropropene
Trichloroethene
Dibromochloromethane
1,1,2-Trichloroethane
Benzene
cis-1,3-Dichloropropene
Bromoform

2-Hexanone

4-Methyl -2-pentanone
Tetrachloroethene

Toluene

Chlorobenzene

Ethyl Benzene

Styrene

Total Xylenes

Target Compound List -- Semi-volatiles

Phenol
bis(2-Chloroethyl)ether
2-Chlorophenot
1,3-Dichlorobenzene
1,4-Dichtorobenzene

Benzyl Alcohot
1,2-Dichlorobenzene
2-Methylphenol
bis(2-Chloroisopropyt Yether
&-Methyliphenol
N-Nitroso-Dipropylemine
Hexachloroethane
Nitrobenzene

1sophorone

2-Nitrophenol
2,4-Dimethylphenol

8enzoic Acrd
bis(2-Chloroethoxy)methane
2,4-Dichlorophenol
1,2,4-Trichlorobenzene
Naphthalene
4-Chloroanitine
Hexachlorobutadiene :
4-Chloro-3-methylphenol ¢(para-chloro-meta-cresol)
2-Methylnaphthalene
Nexachlorocyciopentadiene
2,4,6-Trichiorophenol
2,4,5-Trichlorophenol
2-Chloronaphthalene
2-Nitroaniline
Dimethylphthalate
Acenaphthylene
3-Nitroanmiline
Acenaphthene
2,4-Dinitrophenol
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TARLE 5-2 (Continued)

PEASE 111 RFI/RI
GROUMD-UATER SANPLING PARAMETERS

ORGANICS (CONT.)
Target Compound List -- Semi-volatiles (Continued)

4-Nitrophenol
Dibenzofuran
2,4-0Dinitrotoluene
2,6-Dinitrotoluens
Diethylphthalate
4-Chiorophenyl Phenyl ether
Fluorene
4-Nitroaniline
4,6-Dinitro-2-methylphenotl
K-nitrosodiphenylamine
4-Bromophenyt Phenyl ether
Hexachlorobenzens
Pentachiorophenot
Phenanthrene
Anthracene
Di-n-butylphthalate
Fluoranthene
Pyrene
8utyl Benzytphthalate
3,3t-Dichlorobenzidine
Benzo(a)anthracens
bis(2-ethylhexyi)phthalate
Chrysene
Di-n-octy! Phthalate
Benzo(b)fluorenthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene
Dibenz(a,h)anthracene
8enzo(g,h, i Yperylene

Target Compound List -- Pesticides/PCBs
alpha-BHC
beta-BHC
delta-8HC
gamma-8HC (Lindane)
Heptachlor
Aldrin
Heptachlor Epoxide
Endosul fan |
Dieldrin
&,4'-DDE
Endrin
Endosulfen 11
4,4'-DDD
Endosul fan Sul fate
4,4'-DDT
Endrin Ketone
Methoxychlor
alpha-Chlordane
gamma-Chlordane
Toxaphene
AROCLOR-1016
AROCLOR-1221
AROCLOR- 1232
AROCLOR- 1242
AROCLOR- 1248
AROCLOR- 1254
AROCLOR- 1260
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TABLE 5-2 (Continued)

PHASE [I1 RFI/RI
GROUMD-UVATER SANPLING PARAMETERS

RADIOMUCL IDES
Gross Alpha (dissolved)
Gross 8eta (dissolved)
Ursnium 233+234, 235, and 238 (dissolved)
Americium 241 (total)
Plutonium 239+240 (totat)
Tritium (total)
Cesium 137 (dissolved)
Strontium 90 (dissolved)
Raclium 226, 228 (dissolved)
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Pumping and tracer tests will be performed in the Woman Creek Alluvium to develop better estimates
of solute travel times Currently, the hydraulic conductivity and effective porosity are known to estimated
accuracies of about a factor of three, the dispersivity is known to an estimated accuracy of about an order of
magnitude In order to measure these parameters in the field (especially the effective porosity) and to account
for spatial variability, three pumping and tracer tests will be performed in the Woman Creek Alluvium between
the 881 Hiliside and Indiana Street The test locations are shown on Figure 5-2

Each test will be performed in an array of 15 wellpoints (Figure 5-3) The array has been designed to
produce hinear flow for the tracer test, however, the array is also suitable for the pumping test The welipoints
will consist of 1 5-inch diameter stainless steel welipoints driven into the ground using a drilt rig In order to
minimize dewviation from vertical while driving the wellpoints, a pilot boring will be made to approximately four
feet below ground and the point driven through the hollow stem of the auger The screens will be five feet long
so that the points are screened over the entire saturated thickness After completion of each test, the
wellpoints will be pulled out of the ground and any remaining openings filled with neat cement grout with five
percent bentonite The well points will be re-used in the next tests

P in

The pumping test will be performed by pumping Well A (Figure §-3) at a constant rate for four hours
In general, the Woman Creek alluvium varies n thickness from three to eight feet and the saturated thickness
varies from about zero to four feet, aithough the alluvium can become fully saturated at times. The alluvium
is a minimum of seventy-five feet wide and the hydraulic conductivity is approximately 1x10°* cm/s, based on
baildown-recovery and slug tests Preliminary calculations (assuming a saturated thickness of four feet,
hydraulic conductivity of 1x10™* cm/s, and a storage coefficient of 0 1) indicate that the Woman Creek alluvium
can sustain a constant discharge of 0 17 gailons per minute (gpm) for the period of pumping with drawdowns

ranging from two feet in a fully efficient pumping well to 0 19 feet at a distance of five feet
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FIGURE 5-2
PUMPING AND TRACER TEST
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FIGURE 5-3
PUMPING AND TRACER TEST WELL ARRAY
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The well will be suction-pumped using an electrically operated peristaitic pump A peristaltic pump is
expected to perform well in thig application because the suction lift is small (estimated to be no more than ten

feet) and because a peristaltic pump can be run at very small, constant fiow rates. All produced water will be
drummed (41 gallons in four hours) and reinjected into the formation as part of the tracer test. Time-drawdown
data during both the pumping and recovery periods will be collected from all of the weils using either depth

to water probes or pressure transducers

The pumping test will be analyzed as a constant rate withdrawal test In unconfined materials to yield
hydraulic conductivity and storage coefficient Delayed yield will be considered, if appropriate In addition,
the efficiency of the well (theoretical drawdown divided by observed drawdown, times 100 percent) will be

evaluated for use in the tracer test calculations

Tracer Test

A linear flow system will be created by injecting water into the five upstream weils and withdrawing
water from the five downstream wells Although two lines of three wells can produce iinear flow between the
middle wells, two lines of five wells will be used in order to provide greater assurance of linear flow between
the middle wells Water will be supphed to the injection wells and withdrawn from the withdrawal wells (Figure
5-3) using peristaitic pumps controlled by electrical liquid level probes Water levels in both the injection and
withdrawal wells will be allowed to fluctuate approximately 0 20 feet and wili result in an average head
differential of one foot (gradient of 025) The water levels will be maintained such that the upstream welis
produce a one foot head increase and the downstream wells produce approximately an unchanged head
condition Heads in the formation will be calculated assuming that the well efficiencies are as determined in
the pumping test

t

Steady linear flow will be created by injecting the ground water withdrawn during the pumping test plus
waters withdrawn from the withdrawal wells It 1s estimated that each well will require an average steady flow
of approximately 0 03 gpm {calculated using the Darcy equation) and that steady linear fiow will be achieved

in approximately seven hours
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The tracer test will be performed in two phases after linear fiow has been achleved The first phase will
inject a non-conductive fluid (distilled water) into the injection wells, the arrival of the injection fluid at the
downstream withdrawal wells will be indicated by a reduction of the conductivity of the water The natural
conductivity of the alluvial ground water is approximately 500 to 1,000 micromhos per centimeter and that of

distilled water is near zero

Although there are many other tracers that could be used in this test, distilled water Is feit to be the least
environmentally damaging and was therefore selected Releases of adsorbed lons from the solid phase to the
distilled water may occur during the course of the test, however, the magnitude of this effect is expected to
be small because of the quartzitic and granitic mineralogy of the formation |f adsorbed lons are released, the
steady state conductivity at the downstream wells will be somewhat higher than zero, the actual vaiue will be
used as the 100 percent concentration for breakthrough and earlier values scaled accordingly The impact of
using a lower concentration tracer will be tested by re-injecting the produced formation fluids (higher
conductivity) as a second phase of the test All water withdrawn during the test will be drummed for this later
use If the lower conductivity water cannot be detected in the withdrawal wells, an alternate test will be

designed using Rhodamine WT dye with either a fluorimeter or a spectrofiuorometer for quantitative detection

Time-conductivity data will be collected from all of the wells using dedicated conductivity probes.
Complete mixing of the water in the injection and withdrawal wells will be achieved with a recirculation system
to avoid chemical stratification in the wellbore Conductivity will be measured in flow-through conductivity cells
uphole Water will be added or withdrawn from the recirculation system on each well through solenoid valves
controlled by the liquid level probes It is estimated that the 50 percent concentration will arrive at the
withdrawal well approximately 400 minutes after injection begins (using an effective porosity of 0 1, hydraulic
conductivity of 1x10™* cm/s, gradient of 0 25 and a dispersivity of 0 1 feet) The test will continue until the

v

conductivity in the middle withdrawal well stabilizes !

During the second phase of the tracer test, the water collected during the first phase will be injected
into the injection wells (approximately 150 galions) without withdrawal from the withdrawal wells The intent
of the second phase is to evaluate the impact of using a lower concentration tracer during the first phase The
test will be performed as described above and the dispersivity recalculated for comparison with the original
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determination. During this phase, linear flow will be maintained but gradients may vary somewhat during the
test because downstream withdrawal will not occur, possibly resulting in unsteady flow Again, the water in
the withdrawal wells will be mixed using the recirculation system to prevent stratification in the wellbore. The
test will continue until the conductivity of the water in the middle withdrawal well stabilizes

The time-conductivity data will be analyzed using the equation for dispersion in a semi-infinite medium
in a unidirectional flow field (Ogata, 1970) The time at which the 50 percent concentration arrives at the
downstream withdrawal well will be used to caiculate the effective porosity (given that the gradient is known
from the test conditions and the hydraulic conductivity is known from the pumping test) The dispersivity will
be found by curve matching to the time-conductivity data

These calculations will yield a vertically averaged longitudinal dispersivity appropriate for use with a
vertically averaged hydraulic conductivity The effects of hydraulic conductivity variations will be included in
the calculated dispersivity It is recognized that spatial variation of both the hydraulic conductivity and the
transport parameters is likely, therefore, three tests will be performed at different locations in the alluvium It
is also recognized that dispersivity Is a scale dependent parameter and that the dispersivity developed in these
tests will only be appropnate for finely gridded analytical models (nodal spacings on the order of 4 to 40 feet)
However, it is anticipated that the effective porosity values developed will be applicable for calculation of

nondispersive ground-water flow velocities

A small test pattern was selected to cause measurable responses in a reasonable amount of time The
2-foot well spacing will permit measurable responses after four hours of pumping at 5 feet from the pumping
well Each phase of the tracer test (estabilish linear flow, achieve 50 percent concentration, achleve 100 percent
tracer concentration, repeat using natural salinity tracer to 50 percent concentration, achieve 100 percent
natural salinty tracer concentration) is expected to require approximately seven hours Thus, the entire tracer

test is expected to require approximately 35 hours for flow over only four feet of alluvium
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. Sediment stratification and artifacts of close well spacing and well development are potential sources
of error for these aquifer tests. The test designs described above address these issuas as follows

. Sediment stratification may play an important role in the hydraulic behavior of the system during
the pumping and tracer tests. Calculations of system response in which thin, highly conductive
layers are present will result in a slightly higher hydraulic conductivity and a considerably lower
effective porosity However, these values will be appropriate for prediction of travel times in the
layered system

. The ratio of the wellpoint spacing to the wellpoint diameter (2 feet divided by 1 5 inches, ratio
of 16) Is too great to achieve significant compaction between the welipoints Department of the
Navy (1983) predicts that an insignificant relative density can be achieved by driving plles at a
spacing to diameter ratio of 16 This is consistent with fleld test reported by Basore and Boltano
(1969) which resulted in no significant increased density for spacing to diameter ratios in excess
of about §

Installation of wellpoints was selected as opposed to installation of monitor wells, to minimize
disturbance of the alluvium for the purposes of these tests

. The degree of well development influences the response of the water level in the pumping well,
but generally has littie effect on the response of the observation wells The negligible impact
of poor development on the response of observation wells resuits from the fact that head loss
for flow through the well skin is proportional to the velocity squared Because very little water
passes through the well skin (only that amount required to effect the water level change), the
velocity is small and the head loss is even smaller Although significant removal of fines due
to well development is not expected, the amount of development will be limited in order to

. minimize this effect. The degree of development will be evaluated as well efficiency (the ratio
of actual drawdown to the theoretical drawdown)

522 Surface Water and Sediments

5221 Sample Locations

Ten surface water stations were established south of the 881 Hillside Area in the Woman Creek drainage
during the 1986 and 1987 investigations Surface water sampling at these stations is currently conducted on
a monthly basis and will continue through 1990 Concurrent flow measurements will be made Figure 2-17
presents surface water monttoring locations in the area, and Table 5-3 presents the surface water stations to

be sampled during the Phase Il RFI/RI
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TABLE 5-3

SURFACE WATER SAMPLING STATIONS

SW-31
SW-35
SW-44
SW-45
SW-46
SW-66
SW-67
SW-68
SW-69
SW-70
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Bedioad sediment sampies were taken in October 1980 at stations along Woman Creek and the South
interceptor Ditch. The resuiting data should suffice as confirmatory information regarding the concentrations
of volatile organics, metals, other inorganics, and radionuclides in the sediments. However, sediment sampling
is continuing at the Plant, and bedioad sediment samples will be collected from the 881 Hillside Area For the
Phase ill RF1/RI, physical characteristics of the sediments (background and "downgradient”) and the spatial
distribution of the metal concentrations will be examined to assess the adequacy of the background sediment
geochemical characterization and thus whether metals are contaminants in the sediments at the 881 Hillside
Area Three new sediment stations will be established (SED-37, SED-38, and SED-39) near surface water
sampling stations SW-35, SW-57, and SW-70, respectively These stations will presumably not be subject to

influence by the 903 Pad Area as are the existing stations to the east.

5222 Chemical Analysis of Surface Water and Sediment Samples

Laboratory analyses of surface water samples will consist of the parameters listed in Table 5-4, and
sediments will be analyzed for the parameters listed in Table §-1 Surface water samples will be analyzed in
the field for pH, conductivity, temperature, and dissolved oxygen All samples requiring filtration will be filtered
in the field, and all samples will be preserved in the field Surface water sampling and stream flow
measurements will follow the procedures descnbed in the Rocky Flats ER Program SOP (EG&G, 1990c¢)

523 Syrficial Solls

Plutomum was elevated above background levels in Phase lI Rl boreholes from several sites in the 881
Hillside Area Plutonium contamination may be limited to the uppermost soil, for ts suspected origin is
windblown particulates from the 903 Pad Area In order to characterize the vertical and horizontal extent of
surficlal soll plutonium contamination, surficial soil scrapes and vertical soil profiles will be collected in remedial
Investigation areas, and in the Plant buffer zone south and east of these areas to Indiana Street during the
903 Pad, Mound, and East Trenches Areas (Operable Limit No 2) Rl Surficial soil sampling planned for the
Operable Unit No 2 Phase Il RI also includes the 881 Hillside Area and 1s presented in the following section
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TABLE 5-4

PRASE 111 RFI/RI
SURFACE UATER SAPLING PARAMETERS

FIELD PARAMETERS

pH
Specific Conductance
Temperature
Dissolved Oxygen

INDICATORS
Total Dissolved Solids
Total Suspended Solids
pH

DISSOLVED AMD TOTAL METALS
Target Analyte List - Metals

Aluminum
Ant {monty
Argenic
Barium
Beryllium
Cacimium
Calcium
Chromium
Cobalt
Copper
1ron
tead
Magnes 1um
Manganese
Mercury
Nickel
Potassium
Selermum
Sitver
Sodium
Thallium
Vanadium
Zinc

Other Metals
Mol
Strontium
Cegium
Lithium
Tin

ANIONS
Carbonate
Bicarbonate
Chioride
Sulfate
Nitrate as N
Cyanide
Fluoride
Phosphate

ORGANICS

0il and Grease

Target Compound List - Volatiles
Chloromethane
Bromomethane
vinyl Chloride
Chloroethane
Methylene Chloride
Acetone
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TABLE 5-4 (Continued)
PUASE 111 RFI/RI

ORGANICS (CONT.)

Target Compound List - Volatiles (Continued)

Carbon Disulfide
1,1-Dichloroethens
1,1-Dichloroethane

totat 1,2-Dichloroethene
Chioroform
1,2-Dichloroethane
2-8utanone

1,1, 1-Trichloroethane
Carbon Tetrachloride
Vinyl Acetate
Sromodichloromethane
1,1,2,2-Tetrachloroethane
1,2-Dichloropropans
trans-1,3-Dichloropropene
Trichloroethene
Dibromochioromethane
1,1,2 Trichloroethane
Benzene
cis-1,3-Dichloropropene
Bromoform

2-Hexanone

&4-Methyl -2-pentanone
Tetrachloroethene
Toluene

Chlorobenzene

Ethyl Benzene

Styrene

Total Xylenes

DISSOLVED AND TOTAL RADIOMUCLIDES
Gross Alpha
Gross Beta
Uranium 233+ 234, 235, and 238
Americium 241
Plutonium 239+240
Tritium
Cesium 137
Radium 226, 228
Strontium 90
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In order to assess the extent of plutonium in surficlal soils within Plant boundaries, collection of soll
samples has been planned as part of the Phase |i RI/FS at Operable Unit No 2 (EG&G, 1990g) Figure 54
was constructed by inciuding all areas where soll plutonium concentrations were expected to exceed two
dpm/g (approximately one pCl/g) This area consists of approximately 800 acres The State of Colorado
requires special techniques for construction on lands with piutonium concentrations greater than two dpm/g
of dry soil To evaluate the soll plutonium values relative to this standard, the CDH sampling protocol will be
used

Phase | sampling at the 881 Hillside showed that some solils outside that zone contained more than one
pCi/g of plutonium, so the soil sampling area has been expanded (Figure 5-4) The CDH sampling protocol
will be used for sampling on the 10 acre grid It requires that 25 subsamples be composited within a 10-acre
area to compose a soll sample Grids will not be contiguous except near the 903 Pad Area Linaes of grids will
be placed to define the southern and northern extent of contamination Other grids will be used to confirm
values from within the areas of concern The northwest comner of each grid will be located by survey and
identified with an appropnately marked steel post. Grids will be onented on the cardinal compass directions.
The 25 subsamples will be iocated with a handheld compass and tape measure using the northwest corner as

the starting point

In order to assess the vertical distribution of plutomum 239 + 240 an americium 241 in the soil profile,
subsurface sampling will also be done at the locations shown on Figure 54 One subsurface soil sampling
location will be placed at the center of each of the 24 10-acre plots to facilitate comparison of the data
Backhoe pits will be excavated at each of the indicated locations to a depth of one meter A 1/8 inch surface
scrape, 1/8 inch to 1 cm deep sample, and 1 cm to 5 cm deep sample will be taken Samples will then be
collected each 5 to 10 cm Sampies will be collected from the face of the pit, with all samples being coliected
within 50 cm of each other horizontally The samples will be collected from the bottom upward to the surface

and equipment will be decontaminated between collection of each sample
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53  EVALUATION OF PROPOSED INTERIM REMEDIAL ACTION :

An interim remedial action is proposed at the 881 Hillside Area to collect, treat, and discharge the
treated alluvial ground water Alluvial ground water will be collected by a french drain across the hillside and
pumped to a water treatment plant at the top of the hillside A geotechnical and geochemical soils investigation
was recently performed at the 881 Hiliside Area in order to evaluate the site characteristics along the proposed
frenchdrainallgnmem. apotentlalfrenehdraln extenslm,andauadated influent and effiuent lines (Fk

o R e G 2
Resultsofthelnvestioaﬂonwﬂlbe Rleg.

b 2
# "%*% \ﬁg&

mpx

531 Borehole Locations

A series of 42 borings on approximately 100 foot centers were drilled along the entire fength of the
influent/effluent lines, the french drain alignment, and the potential french drain extension The following
information was obtained from these borings

. Geotechnical soil and bedrock samples and testing (in situ and laboratory) to assist in the

design of the french drain system and evaluate the slope stability of the 881 Hillside,

. Accurate lithologic logs and depth to bedrock,

. Geologic data for generating geologic cross sections

. Samples for chemical analyses that add to the 881 Hillside database, determine health and

safety requirements for construction activities, and determine disposal requirements for
excavated soils

Thirty-two of these boreholes were drilled along the proposed french drain alignment and potential
french drain extension The objectives of these boreholes are to determine

. Geotechnical charactenstics of the bedrock and surficial materials,

. Accurate lithologic logs, including depth to bedrock and location of subcropping bedrock
sandstone untts,

. Hydraulc conductivities of each five foot depth interval in bedrock and discrete conductivities
of any subcropping sandstones that are encountered,
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. Chemical characteristics of soils along the alignment to determine
a Appropriateness of proposed french drain location,
b Appropriate level of health and safety protection for french drain construction, and
c Appropriate disposttion of excavated soils.

Four of the 32 french drain alignment boreholes were completed as piezometers (Figure 5-5) These
plezometers will serve to characterize the extent of saturation downgradient of IHSS 119 2 which will evaluate
the need for extending the french drain to include this area.

Six of the 32 boreholes along the french drain alignment were not located on 100 foot centers (not
shown on Figure 5-5) These were drilled to collect representative colluvial geotechnical samples and/or to
perform additional packer testing where borehole collapse occurred The geotechnical sampling was necessary
because there was inadequate soil left over after collecting samples for geochemical analysis from the

boreholes on 100 foot centers.

Ten boreholes were drilled along the proposed influent/effluent pipeline alignment. Select samples from
these boreholes were submitted for laboratory geotechnical analyses of area soils (Section 5 3 3}, and one set
of samples from each borehole were submitted for geochemical analysis General objectives of these

influent/effluent boreholes are to determine

. Geotechnical characteristics of area soils.
. Accurate lithologic logs and depth to bedrock
. Chemical characteristic of soils to determine
a Appropnate level of health and safety protection for construction, and

b Appropriate disposition of excavated soils

In addttion, four piezometers will be installed at one location along the french drain during the Phase
Il RF1/RI to assess the effectiveness of the drain (Figure 5-1) PZ01 will be completed in weathered claystone
adjacent to wells MW24 (colluvium completion) and MW25 (weathered sandstone completion) Together, these

wells and piezometers will serve to characterize the extent of saturation in various geologic units upgradient
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of the french drain Plezometers PZ02, PZ03, and PZ04 will be completed in colluvium, weathered claystone,
and weathered sandstone (if present), respectively, to characterize the extent of saturation downgradient of the
french drain Water leveis in these wells and piezometers will be monitored both prior and subsequent to
construction of the french drain in order to observe changes caused by its operation

532 Chemical Analysis of Soll Samples

Boreholes along the proposed french drain alignment were continuously sampled for lithologic
descnptions from ground surface to bedrock Discrete soll samples were collected for volatile organic
analysis every two feet, and composite samples for metal, inorganic, semi-volatile organic, pesticide, PCB,
and radionuclide analyses were collected every four feet, when recovery permitted Soll samples were
analyzed for the parameters listed in Table 5-1

One set of samples from each of the influent/effluent boreholes were submitted for the analytes listed
in Table 5-1 A continuous sample was obtained from zero to five feet in depth A discrete soll sample from
five feet was submitted for volatile organic analysis using stainless steel sleeves inserted directly into the core
barrel before drilling, and the remaining material was homogenized and submitted for the other analytes
The anticipated depth of the influent/effluent pipeline is four to five feet This sampling and analysis scheme
will enable the health and safety protocol for pipeline construction to be established, and will determine the

ultimate disposal option for excavated soil

533 technical Testin m

Geotechnical soll samples along the proposed french drain alignment were obtained from boreholes
in accordance with standard penetration test procedures (ASTM D-1586) Fourteen samﬁles were submitted
to the laboratory for geotechnical testing Geotechnical tests include moisture content, density, Atterberg
limits, and grain size distnbution to further characterize geologic materials at the 881 Hillside In order to

evaluate siope stabiity, direct shear tests were conducted on eight soil samples
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Boreholes along the proposed influent/effiuent pipeline alignment were drilled from ground surface
to the top of bedrock Soll samples were collected every five feet in accordance with standard penetration
test procedures (ASTM D-1588) Twenty-one soll samples were coliected from these boreholes and were
submitted to the laboratory for geotechnical testing Physical analyses included moisture content, density
and grain size distribution, and confined compressive strength tests. Additionally, ten unconfined
compressive strength tests were conducted on select samples to help evaluate slope stability

534 Geotechnical Testing of Bedrock Samples

Approximately 18 feet of bedrock were cored in each of the proposed french drain alignment borings,
and geotechnical tests were conducted on selected sections of core These tests included saturated back
pressure permeabllity (constant head), direct shear strength, unconsolidated undrained triaxial shear,
strength, unconfined compressive strength, moisture and density and grain size analysis Sandstone units
were not observed during the french drain geotechnical investigation drilling and were therefore not packer
tested

535 In Sttu Packer Testing

In situ packer tests were performed in boreholes drilled along the proposed french drain alignment
to further characterize the hydraulic conductivity of weathered bedrock at the 881 Hillside Area The tests
were conducted in cored sections of open bedrock boreholes to isolate and test the hydraulic conductivity
at depths of five, ten, and fifteen feet below the alluvium/bedrock contact. The detailed procedures for
performing packer tests and for analyzing results are descnbed in the ER Program SOP (EG&G, 1990c)
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SECTION 6
ENVIRONMENTAL EVALUATION PLAN

61 INTRODUCTION

The objective of this Environmental Evaluation Plan is to provide a framework for addressing nisks to
the environment from potential exposure to contaminants resulting from the 881 Hillside Area. This plan is
prepared in conformance with the requirements of current applicable legistation, including CERCLA, as
amended by SARA, and follows the guidance for such studies as provided in the NCP and EPA documents
for the conduct of RCRA Facliiity Investigation activities Specifically, the EPA guidance provided in "Risk
Assessment Guidance for Superfund, Vol 1l, Environmental Evaluation Manual® (U S EPA, 1989d) is followed

The goal of the environmental evaluation is to determine the nature and extent of potential impacts of
contamination from Operable Unit No 1 to plants and animals (biota) Determination of the effects on biota
will be performed in conjunction with the human health risk assessment for the 881 Hillside Where
appropnate, criteria necessary for performing the environmental evaluation will be developed in accordance
with human health nsk assessments and environmental evaluations for all Rocky Flats Plant operable units
Determination of ecological impacts will be limited to those contaminants whose effects on biota are adequately
documented in the scientific literature Information from the environmental evaluation will assist in determining

the form, feasibility, and extent of remediation necessary for the 881 Hillside Area in accordance with CERCLA.

611 Approach

This plan presents a three-stage, sequential approach for conducting the environmental evaluation at
the 881 Hillside This phased and comprghenslve approach is designed to ensure that all procedures to be
performed are appropriate, necessary, and sufficient to adequately characterize the nature and extent of
environmental effects to biota under the "no action” scenario As is recommended by EPA, this environmental
evaluation is not intended to be or to develop into a research-oriented project The plan presented herein is

designed to provide a focused investigation of potential contaminant effects on biota Each stage of the
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environmental evaluation activities will be coordinated with sitewide RFI/RI activities in order to avod

unnecessary duplication of effort and resources

Stage | of the environmental evaluation will focus on planning, review and integration of available data,
and conduct of ecological field investigation Data quality objectives (DQOs) will be defined, and procedures
for monitoring and controlling data quality will be specified Preliminary field surveys and an ecological
inventory will be conducted in Stage | to characterize the 881 Hillside study area biota and note the locations
of obvious zones of chemical contamination and-ecological effects. Site history, chemical data, results from
the RFi/R! fate and transport models, and existing ecological data will be reviewed and evaluated Stage |
activities will include a preliminary assessment of population-, community-, or ecosystem-level impacts
(endpoints) to be measured Stage | activities will provide a preliminary determination of the contaminants
of concern and their potential adverse effects to key receptor species at the 881 Hiliside, and will allow a

conceptual ecological model of the site to be prepared

Stage Il will entail development of a conceptual pathways model based on the ecological field
investigation and Inventory This exposure-receptor pathways model will be used to evaluate the transport of
contaminants from the 881 Hillside source to biological receptors The conceptual pathways modef prepared
in Stage |l will provide an initial determination of the movement and distribution of contaminants, likely

interactions among ecosystem components, and expected ecological effects

Scoping and design of the Stage lIl investigation will be determined by the outcome of the preliminary
Stage Il analyses and pathways model During Stage I, tissues will be analyzed from selected species to
document current levels of specific target analytes The primary endpoint for Stage il Is the detection of
chemicals of concern in target species Selection of the target analytes, species, and tissues will be based
on the Stage il determination of which contaminants are likely to be present in sufficient concentrations,
quantities, and locations as to be detected in biota The need for measunng additional endpoints in Stage
il through reproductive success, enzyme inhibition, or other toxicological-type studies will be evaluated based

on results from Stage | and Stage Il analyses as well as appropriate acceptance criteria
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. 612 881 Hillside Contamination
Contamination of soll, ground water, surface water, and sediment occurs in the 881 Hiliside Area,
although the exact extent is difficult to assess, given uncertainties in much of the data. Also, many possible
contaminants have been found only infrequently and/or just above background levels, or may be assoclated
- with laboratory contamination From the data available, it appears that the major constituents (organics,
metals, and radionuclides) present above background levels are the following

Sol
Organics PCE, TCE, 1,1,1-TCA, methylene chloride, acetone and phthalates,
Metals cadmium, arsenic, antimony, mercury, manganese and barium, and
‘ Radionuciides plutonium, americium, uranium, cesium and tritium.
Ground Water

Organics PCE, TCE, 1,1-DCE, 1,1-DCA, 1,1,1-TCA, 1,1,2-TCA, CCi,, toluene, 1,2-DCA, CHCl,, acetone,
methylene chloride, ethyt benzene, carbon disulfide, 2-butanone, vinyl acetate, total 1,2-DCE, total xylenes, and

benzene,
Inorganics nitrate, chionde, sulfate, TDS, magnesium, sodium, calcium, potassium, and cyanide,

, Metals nickel, strontium, zinc, manganese, mercury, copper, selenium, lithium, barium, beryllium, iron,

antimony, chromium, lead, aluminum, cadmium, cobait and molybdenum, and

Radionuclides uranium, trtium, strontium 89, 90, americium, radium 226 and cesium 137
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Surface Water

Organics PCE, toluene, CCl,, methylene chloride, acetone and 2-butanone,

inorganics TDS, nitrate, sulfate, magnesium, calcium and potassium,

Metals strontium, zinc, aluminum, barium, iron, beryllium, cadmium, copper, mercury, lead, chromium,

selenium, vanadium and nickel, and

Radionuclides uranium, plutonium, strontium 89, 90, amencium, cesium 137, tritium, radium 226

Sediments

Organics chioromethane, TCE, chioroform, acetone, methylene chlonde, carbon disulfide, 2-butanone

and toluene,

inorganics nitrate, magnesium and potassium,

Metals Dberyllium, silver, tin, possibly aluminum, antimony, cadmium, chromium, copper, iron, lead,

lithium, magnesium, manganese, mercury, selenium, strontium, thallium, vanadium, zinc and molybdenum, and

Radionuclides piutonium, uranium and radium 226

Many of the metal contaminants are likely to impact biota at Operable Unit No 1 if present at sufficient
concentrations Several of the metal contaminants found in the 881 Hillside Area can be taken up by plants
through their roots or deposited on plant leaves and stems In addition, they can be inhaled and ingested by
animals These metals have various effects on biological organisms When ingested, antimony, arsenic,
beryllium, cadmium, chromium, lead, mercury, selenium and tin can be toxic Arsenic, cadmium, lead and
mercury function as cumulative poisons, while beryllium, chromium, nickel and arsenic are carcinogenic

Cadmium and lead cause neurological disruption, and copper, mercury, tin, cobalt and nickel act as biocides

FINAL PHASE 1II RFI/RI WORK PLAN - 881 HILLSIDE AREA OCTOBER 1990
ROCKY FLATS PLANT, LDEN, COLORADO Page 6-4
egag\881\ri-fs\sec-6 oct



to certain species at low concentrations Some trace metals such as arsenic are thought to be essential trace

metals in mammalian species

Many of the metal contaminants biomagnify with increasing trophic levels In terrestrial habitats, this
occurs from soil to plants for beryllium, cadmium, iead, mercury, nickel, selenium, tin and vanadium In
herbivores, an Increase occurs for antimony, arsenic, cadmium, chromium, copper, lead, mercury and
selenium Only mercury and cadmium biomagnify interrestrial carnivores In aquatic habitats, biomagnification
has been found in algae for antimony, arsenic, cadmium, copper, chromium, cobalt, lead, mercury, nickel,
selenium, tin and vanadium In aquatic herbivores, an increase occurs for antimony, arsenic, cadmium and

mercury, in camivores, an increase occurs for cadmium and mercury

Bioaccumulation occurs within an organism when the organism stores specific contaminants Arsenic,
cadmium, chromium, cobalt, copper, lead, mercury, nickel, selenium, tin and vanadium are concentrated by

a number of biological organisms potentially present in the 881 Hillside environment

Several of the volatile organic compounds found at 881 Hiliside, such as PCE, are on the EPA Priority
Toxic Pollutants List and are known to have acute and chronic toxic effects on aquatic life depending on their
concentrations The elevated levels found in ground-water samples warrant evaluation for therr potential

exposure to receptor organisms

High nitrate levels were found in the ground water, surface water and sediments Nitrates are relatively
nontoxic to organisms although they can cause eutrophication problems Under reduced oxygen conditions,

nitrtes and ammonia are especially toxic to aquatic organisms

According to the Radioecology and Airborne Pathway Summary Report (Rockwell International, 1986f),
plutonium is not considered ta pose an ecological hazard to biota uniess extremely high levels [> 1 microCurie
per square meter (mCi/m?)] occur The reason for this is thought to be the extremely low biological mobility
of the common forms of the element. These findings and other studies on the ecological effects of

radionuchdes will be reviewed for their applicability to the 881 Hillside environmental evaluation

FINAL PHASE 111 RFI/RI WORK PLAN - 881 HILLSIDE AREA OCTOBER 1990
ROCKY FLATS PLANT, N COLORADO Page 6-5
eghg\B881\ri1-fs\sec-6 oct

e & asREtae -



613 Protected Widlife, Vegetation and Habitats

6131 Wildlife

The U S Fish & Wildlife Service has identified several listed endangered or threatened wildlife species
which could possibly occur in the Rocky Flats Plant area However, none is expected to occur because of lack
of habitat These species include the bald eagle (endangered), peregrine falcon (threatened), whooping crane
(endangered) and black-footed ferret (endangered)

The bald eagle (Hallaeetus leucocephalys) is primarily a winter resident around rivers and lakes, and
the closest known nesting pairs are found at Barr Lake, 25 miles to the east of Rocky Flats The whooping
crane (Grus americgna) passes through Colorado during its spring and fall migrations Whooping cranes,
blown off their migration course, could use the Rocky Flats area as a night roost These birds prefer large

marshes and wetlands in broad open river bottoms and prairies Such habitat is not present at Rocky Flats

Two subspecies of peregrine falcon (Falco peregrinus tundns and E_p. anatum) may occasionally occur
in the Rocky Flats area as they hunt for prey Nesting preferences are high cliff sides and river gorges, both

of which are absent at Rocky Flats However, nesting sites have been recorded to the west about 4 to 5

miles from the site.

The historical geographic range of the black-footed ferret (Mustela nigripes) coincides with that of the
prairie dog, a principal prey species However, the biack-footed ferret populations are now much reduced but
still are associated with some prairie dog towns Large prairie dog towns (>80 acres for black-tailed prairie

dogs) sufficlent to support a black-footed ferret population are not expected to be present at Rocky Flats

i
i

6132 Vegetation

Ten federally-listed or proposed plant species occur in Colorado, all of which are western slope species

None of these is known or expected to occur on or near Rocky Flats A number of candidate species for
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federal listing are known to occur in Jefferson and Boulder Counties but have not been identified at Rocky
Flats

6133 Wetlands

Numerous regulations and acts have been promuigated to protect water-related resources, including
wetlands Wetlands play an important role in ecosystem processing and in providing habitat to a variety of
plant and animal species An assessment of Rocky Flats wetlands was completed In 1989 (EG&G, 1990h),
these wetlands currently fall under the jurisdiction of the Corps of Engineers Wetlands occur along Woman
Creek and Pond C-2, and DOE activities with a potential to impact wetlands must follow regulations designed

for their protection

614 Scope of Work

In order to accomplish the plan objectives, a number of activities will be prepared and executed These
are briefly described below

Stage |

. Project Preparation - This activity includes project planning, identification of DQOs, and
final design of the ecological inventory field sampling plan Also included is the review
and analysis of existing information, identification of data gaps, and a preliminary
determination of the contaminants of concern and their documented ecological effects
on key receptor species

. Ecological Field investigation - This activity represents the field surveys, inventory and food
habit studies necessary to characterize the biota at the 881 Hillside Area Brief field surveys will
be conducted in the winter, spring, summer and fall in the study area to obtain information on
the occurrence, distnbution, variability and general abundance of key plant and animal species
A field inventory will be conducted in late spring to obtain gquantitative data on the ecological
attributes of important species’ populations Samples collected as part of the activity will be
saved wherever possible for use in the Stage ill tissue analyses As part of these activities, ail
collected field data will be reduced, evaluated, compared with and integrated into the existing
data bank and food web model to update knowledge of site conditions

Stage I

. Contamination Assessment - This activity includes the toxicity assessment, exposure
assessment, development of the conceptual pathways model and characterization of impacts
to blota posed by exposures to 881 Hillside contaminants
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Stage Il

. Biological Contamination Studies - This activity inciudes field and laboratory analyses of
contaminant leveis In select plant and/or animal species. This activity may include additional
toxicological-type investigations such as reproductive success or enzyme inhibition studies
Samples collected in Stage | will be used wherever possible, new samples will be collected i
needed

. Remediation Criteria - Statutes require the selection of remedial actions sufficient to protect
the environment This activity entails consideration of federal and Colorado laws and
regulations pertaining to preservation and protection of natural resources that are ARARs.
Availlable data on chemical exposures and toxicities will be evaluated and, to the extent
practicable, criteria will be established that address biological resource protection

. Environmental Evaluation Report - This activity represents the preparation of the report which

addresses the scope of the investigation, site environmental characteristics and contaminants,
charactenzation of effects, remediation criteria, conclusions and limitations of the assessment

Elements of the scope of work are descnibed in the following sections Stage | preliminary planning
is presented in Section 62 The Stage | field investigation is described in Section 63 Section 6 4 presents
the Stage Il contamination assessment Section 65 describes the Stage lll contamination studies
Remediation criteria are discussed in Section 6 6 A suggested outline for the environmental evaluation report
Is presented in Section 67 The field sampling plan presented in Section 6 8 Includes both the Stage |

ecological investigation and the Stage il contamination studies

62 PROJECT PREPARATI TAGE

An environmental evaluation of the 881 Hillside Area is necessary for Rocky Flats Plant to meet the
requirements of Sections 121(b)(1) and (d) of CERCLA An environmental evaluation, in conjunction with the
human health risk assessment, s required to ensure that remedial actions are protective of human health and

the environment Guidelines for conducting this evaluation, which is also called an ecological assessment, are

provided by EPA in Risk Assessment Guidance for Superfund, Volume Il, Environmental Evaluation Manual
(US EPA, 1989d) Additional guidance is derived from EPA's ical A men H Wast

Stes A Reference Document (US EPA, 1989c)

The environmental evaluation is both a qualtative and quantitative appraisal of the actual or potential
injury to plants and animals (biota) other than humans and domesticated species due to contamination at the

881 Hillside The environmental evaluation 1s intended to reduce the inevitable uncertainty associated with
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understanding the environmental effects of contaminants present at the 881 Hiliside and to give more definitive
boundaries to that uncertainty during remediation

The plan for implementation of the 881 Hillside environmental evaluation provides a framework for the
review of existing data, the conduct of subsequent field investigations, and the preparation of the
contamination assessment. The staged approach presented in this plan begins with the activities descnbed
In the following section preliminary planning, DQO development, support documentation, and review of
existing information The field investigation and inventory, which is also part of Stage |, is described in Section
63

621 Preliminary Planning

This task includes an initial determination of the scope of the environmental evaluation, identification
of DQOs, and a plan for determining the types of information required for each stage of the environmental
evaluation Types of information required in Stage | of the evaluation include the following

. Species present at 881 Hillside, community structure and food webs,

. Obvious signs of ecological impacts,

. Contaminant inventory,

. Contaminant sources and locations, chemical and radionuclide analyses of soil and water;
. Sediment composition and qualty, grain sizes and total organic carbon, and

. Toxicity data to provide a preliminary determination of potential effects of contaminated media
on receptor species

As an integral part of the RFI/Rl process, Stage | of the environmental evaluation will focus on

!
accumulating and analyzing pertinent information on three major areas

. Species, populations and foodweb interrelationships,

. Presence, distribution and concentrations of contaminants in the ablotic environment (e g,
soll, surface water, ground water and air), and

. Potential exposure pathways and the effects of contaminants on various biological components
in the affected ecosystems This is the conceptual pathways model
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. Data from past studies and preliminary data from current environmental studies will be used to better
define the present distribution of contaminants in the abiotic environment. Based on this information, a food
web model will be developed to provide a preliminary identification of potential exposure pathways or
combinations of pathways and receptor species at risk

Information that will be developed from Stage | of the environmental evaluation includes the following

. Criteria for selection of contaminants of concern, key receptor species and reference areas
These criteria will be applicable to environmental evaluations at all operable units

. Species inventory - Plant and animal species known to occur within Operable Unit No 1 or to
potentially contact contaminants at Operable Unit No 1

. Population characteristics - General information on the abundance of key species

. Food habit studies - Available information from literature sources to supplement field
observations on key species

. Field surveys - Inventory of 881 Hillside biota and locations of obvious zones of chemical
contamination and ecological effects

. . Chemical inventory - Existing information including that obtained on chemical contaminants

from other investigations at Rocky Flats and other DOE facilities will be used in the development
of a preliminary list of contaminants of concern

This information will provide the basis for the Stage |l contamination assessment (Section 6 4) In the
contamination assessment, comprehensive food webs and contaminant exposure pathways will be developed
for 881 Hiliside Information on these food webs will be related to quantitative data on contaminants in the
abiotic environment. These data will then be used to evaluate potential impacts to biota due to exposure from

the contaminants

., Field studies for contamination will be conducted In Stage lll for both aquatic and terrestrial systems
information from the Stage | field survey and the Stage |l contamination assessment will determine the
methods to be used Tissue analyses will be conducted on selected species from 881 Hillside and reference
areas to document current levels of specific target analytes Selection of the target analytes, species and

. tissues will be based on the Stage Il determination of which contaminants are likely to be present in sufficient

concentrations, quantities and locations at the 881 Hillside Area as to be detected in biota.
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The need for measuring additional endpoints in Stage lil through reproductive success or other
identified endpoints will be evaluated based on the Stage Il pathway analysis. Toxicity-based methods may
involve the measurement of a blological effect associated with exposure to complex mixtures For this method,
the selection of toxicological endpoints for indicator or target species will be based on a review of available
sclentific literature providing quantitative data for the species of concem Another approach Invoives the
analysis of population, habitat or ecosystem changes Analysis of population, habitat or ecosystem changes
will be based on species or habitats that represent broad components of the ecosystem or are especially
senstive to the contaminants Selection of the methodology will be based on appropriate acceptance criteria,

eg

. Measurement endpoint corresponds to or is predictive of the assessment endpoint,

. Methodology is capable of demonstrating a measurable biological response distinguishable
from other environmental factors such as weather or physical site disturbance,

. Measurement is practical to perform and produces scientifically valid results,
. Methodology and measurement endpoint are appropriate to the exposure pathway, and
. A standard acceptable protocol exists for the methodology

Determination of impacts will be based on establishment of a statistically significant difference in the
biological response between samples from populations at the 881 Hillside and at the reference area The
determination as to what constitutes a statistically significant difference will be consistent with DQOs and
quality assurance provisions of the QAPjP

622 Data Quality Objectives

The DQO development process will be initiated during State | preliminary planning Development of
DQOs will follow the three steps recommended by EPA. Step | of the DQO process involves preparing
definitions and concise DQOs Examples of Step | program DQOs for this environmental evaluation include

the following

. Identify appropriate site-specific receptor species and contaminants of concemn to determine
if there is a potential for adverse impacts to occur as a resuit of potential contaminant release,
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. Evaluate the potential for impacts to occur to biological resources outside the boundaries of the
881 Hillside Area or Rocky Flats Plant, and

. Evaluate the need for remediation to protect the environment.

Steps Il and Il of the DQO process include identification of data uses and needs and design of the data
collection program Products of Step |l include proposed statements of the type and quality of environmental
data required to support the DQOs, along with other technical constraints on the data collection program. The
objective of Step Il is to develop data collection plans that will meet the criterla and constraints established
in Steps | and Il Step Il results in the specification of methods by which data of acceptable quality and
quantity will be obtained The DQO development process will continue as scoping of the environmental
evaluation becomes more refined Additional Step | decision-type DQOs may be needed or data collection-
type DQOs may be modified based on results of the Stage | preliminary planning process and subsequent
refinement of the field sampling plan

623 Support Documentation

In addition to the work plan, proper conduct of this environmental evaluation will be dependent upon
development of a field sampling plan The purpose of the field sampling plan is to ensure that field data
collection activities will be comparable to and compatible with previous data collection activities performed
at the site while providing a mechanism for planning and approving new field activities The field sampling
plan provides guidance for all fieldwork by defining In detail the sampling and data-gathering methods to be
used on the project. The preliminary field sampling plan for this environmental evaluation is presented in
Section 68

Guidance for the selection and defintion of field methods, sampling procedures and custody was
acquired from the Compendium of Superfund Field Operations Methods, which is a compilation of
demonstrated field techniques that have been used during remedial response activities at hazardous waste
stes (US EPA, 1987b, hereafter referred to as the Compendium) To the extent possible, procedures from
the Compendium are incorporated by reference

FINAL PHASE I1I RFI/R] WORK PLAN - 881 HILLSIDE AREA OCTOBER 1990
ROCKY FLATS PLANT, LDEN, COLORADO Page 6-12
eghg\881\ri-rs\sec-6 oct

& - . rare - rm— - e o e R et o




624 Review of Existing information

As an essential part of the environmental evaluation at the 881 Hillside Area, a review of documents,
aerial photographs, and data relevant to the site will be completed This will allow compilation of a data base
from which to determine data gaps and to provide evidence for a defensible field sampling program If
available and applicable, historical data will be used

Dunng preparation of this work plan, several documents were reviewed as part of an assessment of
avallable information These included the Final EIS, Rocky Flats Plant (U S DOE, 1980), Wetlands Assessment
(EG&G, 1990h), Draft Rl Report for the High Priority Sites 881 Hillside Area (Rockwell International, 1987a,
1988a), Final Environmental Assessment for 881 Hillside (U $ DOE, 1990c), among others Literature reviews
will continue during the environmental evaluation Review of all available data formed the basis for the

establishment of the initial sampling locations discussed in the Section 6 8

63 Fi INV A AGE |

The following field investigation consists of three separate programs The air program will entalil
emissions estimation and modeling The soils, surface water and ground-water program will be conducted
as part of the Phase lIl RFI/Rl actwvities The terrestrial and aquatic biota sampling program will be conducted

as part of this environmental evaluation

631 Air Quality

It is necessary to model ambient air concentrations to estimate environmental risk which results from
airborne transport of 881 Hillside contaminants to potential receptors Emission estimates will be calculated
for surface wind erosion and for the diffusion of volatiles and semivolatiles existing below the surface through
the top layer of soil Wind erosion emissions will be estimated for total particulates, metals and radionuclides
while soil diffusion emissions will be estimated for volatiles and semivolatiles detected below the surface, as
determined from ground-water, surface soil and soil boring sampling results Air quality dispersion modeling
using a Chi/Q approach, which assumes a unit emission rate, will be performed Compound-specific emission
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rates will then be muitiplied by the modeled impacts to produce compound-specific ambient concentration

estimates, since predicted concentrations are directly proportional to the emission rate

Based on the dispersion modeling results, 24-hour and annual compound-specific ambient
concentrations will be estimated at a set of receptor points on and downwind of the actual 881 Hillside Area
Pathways will then be defined using these receptors and risks calculated as necessary These estimates of
ambient concentrations will then be used to perform a baseline risk assessment for each chemical of concern

detected above background levels in the soil and ground water

632 Solls

Stte-specific soil data on contaminants present in surficial deposits currently exist for the 881 Hillside
Area These data were collected as part of Phases | and I of the RFI/RIl for the 881 Hillside Drilling was
conducted to identify and characterize past waste disposal sites Boreholes were drilled within and adjacent
to the IHSSs, and soil samples were collected and analyzed for organics, inorganics, metals and radionuclides
Sequences of Rocky Flats Alluvium, colluvium, recent valley fill and Arapahoe Formation were sampled and
tested in the field and laboratory Geologic and hydrologic data from Phases | and |l dniling programs
provided the basic framework for defining a chemical/hydrologic/geologic model for the 881 Hillside Source
contaminants and concentrations, as well as possible flow paths, rates and accumulations, were preliminanly

assessed to characterize the dynamic system

Volatile organics data for soils previously collected from the 881 Hillside Area were rejected during the
data validation process and cannot be used in a quantitative sense Analytical results of the Phase il soil

samples will be reviewed and interpreted for use in this environmental evaluation

[

!
The Phase |ll RFi/Rl Work Plan proposes an additional soil sampling program at 881 Hillside to further

characterize the extent of contamination, gain additional hydrologic data and resolve questions regarding the
presence and concentration of volatile organics Under the program, boreholes will be drilled to provide
continuous core of the Rocky Flats Alluvium, colluvium, recent valley fill and the Arapahoe Formation Soil

samples will be analyzed for organics, inorganics, metals and radionuclides
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As in prior programs, the soil sampling locations will be placed in areas to characterize specific sites
Sample density as proposed in Section § is considered sufficient to provide a clear picture of soil
characteristics and contaminant concentrations for all soil types found in the 881 Hillside area The substances
to be tested are also considered sufficient for the environmental evaluation

Soll analysis results are related to surface and ground-water regimens Fluids moving through the solls
can act to leach contaminants, transport them through available flow paths and deposit them in downgradient

environments. Sofl analyses may help define extent of contaminant sources as well as areas of accumulation

Near-surface soil scrapings (top 1 cm) will be of prime importance for determining source contaminants
for biota This uppermost layer is a major source of nutrient and contaminant uptake for the vegetation under
study and Is a potential source of contaminant ingestion to wildlife Sampling and analysis programs under
Phase Ill RFi/RI field investigations will be reviewed and modified when necessary to ensure that sampling

intervals and methods are appropriate to collect surficial soit samples

633 Surface Water

Phase | and Il surface water sampling and analytical results were evaluated with respect to this
environmental evaluation plan Sampling locations presented in the work plan (Figure 2-18) are continuing to
be sampled on a monthly basis through 1990 as part of the overall Plant sampling program All seeps and
springs on the 881 Hillside will be sampled as part of this ongoing program Chemical results from the surface

sampling locations will be reviewed and incorporated into the environmental evaluation

634 Ground Water |

Results of the Phase | and Il ground-water investigations along with planned Phase lll activities for 881
Hillside were reviewed for incorporation in the preparation of this environmental evaluation Data from the
Phase |l program will aid in characterizing the nature and areal extent of ground-water contamination at the
881 Hillside The hydrogeologic information and laboratory analytical results from the planned Phase il boring
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and well installation program will likewise be used In the environmental evaluation The above information will
be used to assess the nature and extent of contamination in shaflow ground water and help identify exposure

pathways for the environmental assessment

635 Terrestrial and Aquatic Biota

Few site-specific biological data exist for the 881 Hillside Area. Field surveys will be conducted to
characterize biological site conditions in terms of species presence, habitat characteristics and/or community
organization The emphasis will be to describe the structure of the biological communities at the 881 Hillside
in order to identify potential pathways, blotic receptors and key species

6351 Vegetation

The objectives of the vegetation sampling program are to provide data for (1) description of site
vegetation charactenstics, (2) identification of potential exposure pathways from contaminant releases to
higher trophic-level receptors, (3) selection of key specles for contaminant analysis to determine background
conditions for the 881 Hillside, and (4) identfication of any protected vegetation species or habitats The
selection of key species is a subjective decision based on species dominance or judged importance in the

food chain Criteria will be determined for the selection of key species

Terrestnal Vegetat

Vegetation is sparse and characteristic of disturbed areas except on the eastern edge of the 881
Hillside Grasses charactenstic of the short grass plains are abundant Representative specles inciude
Junegrass (Koeleria cristata), Dropseed (Sporobolus spp ), slender wheatgrass (Agropyron trachycaulum) and
green needlegrass (Stipa viridula), which are interspersed with other grasses, shrubs, and a variety of annual
flowering plants Transects will be established on 881 Hillside and along the Woman Creek drainage to collect

phytosociological data on density, cover, frequency, biomass and species presence
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Wetl V ti

Wetlands have been identifled along Woman Creek (EG&G, 1990h) These occur as linear wetlands
which support hydrophytic vegetation species including sandbar willow (Salix exigua), american watercress
(Barbarea orthoceras), and plains cottonwood (Popuylus sargentif)y Other species associated with these
wetlands include broad-leaf cattall (Typha latifolia), battic rush (Juncus articus), cordgrass (Spartina pectinata),
sliver sedge (Carex praegracillg) and various bulrushes (Scirpus spp.)

Aguatic Vegetation

The periphyton community Is a closely-adhering group of organisms that form mat-liike communities
on rocks and other solid objects on the stream bottom It is composed of algae, bacteria, fungi, detritus and
other macroscopic heterotrophic organisms Because of the large surface-to-volume ratio of its constituents,
peniphyton have been found to be an excellent indicator community for accumulation of contaminants
Periphyton samples will be collected at designated locations on Woman Creek and Pond C-2

Periphyton communities provide a sensitive mechanism to detect changes in aquatic environments that
result from the introduction of contaminants Taxonomic composition and relative abundance of periphyton
can be measured on natural substrates as well as standardized artificial substrates On hard artificial
substrates, data on algal abundance, biomass and species composition can be obtained by removing the

substrate and by scraping or brushing the flora from a measured area into a container
6352 Wildiife

A field survey will be conducted to gather data on animal communities at the 881 Hillside The objective
of the animal Iffe survey is to (1) describe the existing animal community; (2) identify potential contaminant
pathways through trophic levels, (3) develop food web models including contribution from vegetation, (4)
identify key species for potential collection and tissue analysis, and (5) identify any protected species
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Terrestrial

Songbirds, larger mammals, reptiles and raptors may use the area dally, seasonally or sporadically, or
wander through as vagrants. The field survey will document the presence of terrestrial specles and allow for
a general description of the community

Aguati |

Benthic macroinvertebrates probably exist as soft bottom communities in Woman Creek and Pond C-2
The soft-bottom benthos is defined as those macroscopic invertebrates inhabiting mud or silt substrates.
Because these communities are essentially stationary, they are good integrators of past and present habitat
contamination Additionally, their feeding methods (filtering microscopic organisms and fine materials and
grazing periphyton), suggest that benthic species are incorporating other organisms that are potentially
concentrating contaminants Designated locations in Woman Creek and Pond C-2 will be sampled for benthic

organisms

636 Reference Areas

Reference areas will be selected when current and historical data are not available to assess impacts
from 881 Hillside contaminants One or more reference areas will be selected based upon their similarity to
the 881 Hillside Area and their lack of exposure to contamination Data collected at the reference area will be
compared where possible to values reported in the scientific literature to demonstrate that the data represent
a normal range of conditions Methods used to collect data at the reference area will be comparable to those
used at the 881 Hiliside Area

Reference areas will be identified for terrestrial, wetland and aquatic species to the west or north of the
Plant away from potential effects associated with releases from either Rocky Flats Plant or the 881 Hiliside
Sampling rationale, methodologies and procedures for both terrestrial and aquatic sampling are presented in
Section 6 8, the Field Sampling Plan
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The selection of reference areas will meet Step | DQOs and the selected assessment and measurement
endpoints Criteria for the selection of reference areas will be developed during Stage | preliminary planning

Two basic criteria will be employed in the selection and establishment of reference areas

1 The reference areas will be similar to the 881 Hillside Area in terms of soll series, topography,
aspect, vegetation and habitat types and plant and animal assemblages.

2 The reference areas, including vegetation and wildlife, have not been impacted by releases
from the 881 Hillside Area or other Rocky Flats Plant operable units.

64 NTAMINATION A NT (STAGE i

The two major objectives of the contamination assessment are to

. Obtain quantitative information on the types, concentrations, and distribution of contaminants
In selected species, and

. Evaluate the effects of contamination in the abiotic environment on ecological systems
¥
Conducting a contamination assessment requires an evaluation of chemical and radiological exposures
and the subsequent toxicological effects on key species. Of specific importance in the contamination
assessment are the identification of exposure points, the measurement of contaminant concentrations at those
points and the determination of potential impacts or injury Impacts may result from movement of

contaminants through ecological systems or from direct exposure (inhalation, ingestion, deposition)

The Stage || Contamination Assessment for 881 Hiliside will be based on existing environmental criteria,
published toxicological literature and existing, site-specific environmental evaluations The program design
will be integrated with other ongoing RFI/RI studies so that concentrations of contaminants in ablotic media

can be related to contaminant levels and effects in biota

The contamination assessment process is divided into the following five tasks
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. Stte characterization,
. Contaminant identification,
. Toxicity assessment,
. Exposure assessment, and

. impact Evaluation

The objectives and description of work for each of these tasks is described below

641 Site Characterization

Environmental resources at the site will be characterized based on data reviews from existing literature
and reports, inciuding resuits from the Phase ill RFI/RI investigation and the environmental evaluation field
studies The description of the site will be presented in terms of the following distinct resource areas

. Meteorology/Air Quality;

. Solls and Geology,

. Surface and Ground Water Hydrology,

. Terrestrial Ecology,

. Aquatic Ecology, and

. Protected/Important Species and Habitats

The purpose of the site characterization is to describe resource conditions as they exist without
remediation The narrative with supporting data will include descriptions of each resource, with attendant
tables and figures, as appropnate, to depict, in a concise and clear fashion, site conditions, particularly as they

influence contaminant fate and transport.

642 Contaminant Identification

Because there Is a variety of individual contaminants associated with the 881 Hillside Area, 1t is critical
to narrow the list of chemicals to a manageable number Chemical and species-specific criteria will be used
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for selecting those contaminants which are of particular concern from an ecological perspective at the 881
Hillside Although the selection process will parallel that for the human health risk assessment, the lists will
differ somewhat based on contaminant fate and transport characteristics and species-specific toxicities
Selection of the contaminants of concern will be evaluated in accordance with EPA guidance

643 Exposure Assessment

This task will identify the exposure or migration pathways of the contaminants, taking into account
environmental fate and transport through both physical and biological means Each pathway will be described
in terms of the chemical(s) and media involved and the potential ecological receptors The exposure
assessment process will include the following four subtasks

. Identify exposure pathways,

. Identify key receptor species,

. Determine exposure points and concentrations, and
. Estimate chemical intake for receptors

Each of these subtasks is described below

6431 Exposure Pathways

The purpose of this subtask is to qualtatively identify the actual or potential pathways by which various
blological receptors at or near the 881 Hillside might be exposed to site-related chemicals or radionuclides
The exposure pathway analysis will address the following four elements

i

y
. A chemical/radionuclide source and mechanism of release to the environment,

. An environmental transport medium (sofl, water, air) for the released
chemical/radionuclide,

. A point of potential biological contact with the contaminated medium, and
. A biological uptake mechanism at the point of exposure
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All four elements must be present for an exposure pathway to be complete and for exposure to occur

Exposure pathways will be evaluated and modeled, where possible, in this Stage Il contamination
assessment Toxiclty tests may eventually be used based on model results or the need to conduct a direct
effects-related investigation

6 43 2 Identification of Key Receptor Species

Key receptor species are those species which are or may be sensitive to the particular contaminants
of concern  Species that need to be considered in the contamination assessment include threatened and
protected species, game species and species at higher trophic levels In food webs where contaminants are

expected to bioaccumulate

Critena for the selection of key receptor species will be based on a preliminary analysis of exposure
routes and food web relationships as well as the known toxicological effects of the contaminants of concern
This analysis will include an evaluation of the species in relation to potential contaminant exposure through
both direct contaminant accumulation from the abiotic environment and bicaccumulation through the food

chain

Key receptor species may be the mule deer (Odocotieus hemionus) which is mobile and has a large
home range, or an organism which Is sedentary or has a more restricted movement such as plants, some
invertebrates, and some small vertebrates For contaminants that bioaccumulate, the effects are usually most
severe for organisms at the top of the food chain (e g, top predators) Examination of contaminant effects on

these more mobile species may necessitate the integration of data from different operable units

6 433 Determination of Exposure Points and Concentrations

The identified exposure points are those locations where key ecological receptor speclies may contact

the contaminants of concern Determination of exposure points entails an analysis of key receptor specles,
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locations and food habits in relation to potential contaminant exposure through both direct contaminant
accumulation or deposttion from the abiotic environment and through indirect bioaccumulation

A discussion of the nature and extent of contamination in the abiotic media (alr, solis, surface water,
and ground water) Is presented in Section 2 of this Phase Ill RFI/Rl Work Plan Phase lll data will be
summarized and used to characterize source areas and release characteristics at the site The exact exposure
points can be expected to vary depending on both the contaminant and the key receptor species under

consideration

Concentrations of chemicals that are likely to have the greatest impact (based on concentration in the
environment, toxicity values, and blological uptake) will be determined by environmental fate and transport
modeling or actual environmental media sampling for each exposure point Fate, transport and endpoint
contamination levels will be modeled using environmental multi-media risk assessment models Such models
can provide the potential maximum concentrations of chemicals at the exposure points by which to evaluate

the "worst-case” scenario

6 43 4 Estimation of Chemical Intake by Key Receptor Species

This step includes an evaluation of key receptor species’ contaminant uptake by direct routes
(inhalation, ingestion, dermal contact) and indirect routes (bioaccumulation) The amounts of chemical and
radiological uptake will be estimated in the Stage Il contamination assessment using appropriate conservative
assumptions, site-specific analytical data, and guidance from EPA’'s Exposure Factors Handbook Direct
measurement of contaminant uptake through tissue analyses will be conducted during Stage Il of the

environmental evaluation

644 Toxicty Assessment

This assessment will include a summary of the types of adverse effects on biota associated with
exposure to site-related chemicals, relationships between magnitude of exposures and adverse effects, and
related uncertainties for contaminant toxicity, particularly with respect to wildlife Ecological receptor health
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effects will be characterized using EPA-dernved critical toxicity values when available in addition to selected

literature pertaining to site- and receptor-specific parameters.

Tissue contaminant analyses will be performed on samples of key species in Stage Il These
measurement endpoints will be chosen based on the predicted concentrations and the known toxicological
effects of single contaminants on receptor species The species, contaminants and tissues to be sampled will
be evaluated during Stage | preliminary planning

Toxicity tests may be performed to address the biological effects assoclated with exposure to complex
mixtures The need for toxicity testing will be evaluated during Stages | and !l of the environmental evaluation.

645 Impact Evaluation

Impact evaluation entails the integration of exposure concentrations and reasonable worst-case
assumptions with the information developed during the exposure and toxicity assessments to characterize the
current and potential impacts to the environment posed by contamination of the 881 Hillside Area The
potential impacts from all exposure routes (inhalation, ingestion and dermal contact) and all media (air, soll,
ground water and surface water/sediment) will be included In the impact evaluation as appropriate

Characterization of ecological impacts on receptor species is generally more qualitative in nature than
characterizing human risks This Is because the toxicological effects of most chemicals have not been well
documented for most species Where specific information is available in the published literature, a more
quantitative evaluation of effects will be made This approach is in agreement with EPA guidance documents
(US EPA, 1989d)

1

6451 Ecological Effects Criteria

Criteria that are usable and applicable for the evaluation of ecological effects are generally limited EPA
Ambient Water Quality Criteria (AWQC) and Maximum Allowable Tissue Concentrations (MATC) are the most
readily available criteria Criteria found in federal and Colorado state laws and regulations pertaining to the
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preservation and protection of natural resources can also be used Criteria may also be derived from
information developed for use under other environmental statutes, such as the Toxic Substances Control Act
or the Federal Insecticide, Fungicide and Rodenticide Act

General Information on the toxicity and environmental behavior of chemical contaminants in relation to
biological resources will be complled The selection of ecological effects criteria will be based on available
data which document the adverse effects of each potential contaminant of concem Selection of these criteria
will be coordinated with other RF1/RI studies and environmental evaluations.

6452 Uncertainty Analysis

The process of assessing ecological effects is one of estimation under conditions of uncertainty To
address these uncertainties, the environmental evaluation for the 881 Hillside Area will present each conclusion,
along with the issues that support and fail to support the conclusion, and the uncertainty accompanying the
conclusion Factors that limit or prevent development of definitive conclusions will also be discussed In

summarizing the assessment data, the following sources of uncertainty and limitations will be specified

. Variance estimates for all statistics,
. Assumptions and the range of conditions underlying use of statistics and models,

and
. Narrative explanations of other sources of potential error
65 TAMINATION 1 I

Stage lil will include the tissue analysis studies and any additional toxicity studies used to determine
impacts from the contaminants of concern on receptor species An initial design for the Stage Il program will
be completed in Stage |, after contaminants of concemn and key receptor species have been selected Species
to be sampled for tissue analyses will be designated to the extent possible prior to implementation of the
Stage | field inventory in order to avoid a duplication of sampling effort.
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In order to demonstrate an impact, the biological response under consideration and the proposed
methodology should satisfy program DQOs as well as the following more specific criteria

. The biological response is a well-defined, easily identifiable and a documented response to the
contaminant,

. Exposure to the contaminant is known to cause the biological response in laboratory
experiments or experiments with free-ranging organisms,

. The bilological response can be measured using a published standardized laboratory or field
testing methodology;

. The biological response measurement s practical to perform and produces scientifically valid
resuits, and

. The determination of impact will be based on the establishment of a statistically significant

difference in the biological response between samples from populations in the reference area
and the 881 Hiliside Area.

651 Tissue Analysis

Tissue analyses will be conducted to measure the total concentration of specific chemical compounds
in key receptor species Because individuals and species accumulate contaminants differentially in their
tissues, environmental concentrations and general uptake rates will not necessarily predict biotic
concentrations or adverse effects Analysis of tissue contaminant concentrations will provide data to evaluate
the relationship, if any, between environmental concentrations and the amount of contaminants accumulated
in receptor species Selection of the species and specific tissues for analysis will be based on a preliminary
evaluation of site-specific food webs and potential contaminant transport pathways

To the extent possible, tissue samples will be collected simultaneously with environmental media
samples This will allow for a determination of site-specific bioconcentration factors (BCFs) These BCFs will
be incorporated into the final exposure assessment and pathways analysis model Where BCFs cannot be
determined, published or predicted BCF values will be used in the pathways mode! to assess potential impacts

Prior to conducting the State Il tissue analysis studies, the field sampling plan will be refined and more
specific DQOs will be formulated The field sampling plan will address the following

. The number and types of analyses to be run,
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. The species, locations, and tissues to be sampled,
. The number of samples to be taken,

. The detection limits for contaminants, and

. The acceptable margin of error In analyzing results

652 Toxichty Tests

Toxicity tests may include either in-situ (in-field) or laboratory toxicity tests In-situ methods usually
involve exposing animals in the field to existing aquatic or soil conditions. Laboratory toxicity tests can be
used to evaluate the lethal or sublethal effects of chemicals as they occur in environmental media. Both
approaches can be used to test for toxicity of mixtures as they actually occur in the environment. Selection
of a particular methodology will be based on the capability of the method to demonstrate a measurable
biological response to the selected contaminant(s) of concern

66 REMEDIATION 1

Remediation critena protective of site-specific plants and animals for the contaminants of concern can
be developed based on detailed food web analyses These ecological effects criteria are determined by
tracing the biomagnification of contaminant residues from organisms at the top of the food web back through
intermediate trophic levels to the abiotic environment. The "no effects” criteria levels for abiotic media are

then derived from contaminant concentrations known to produce effects in the highest trophic level organisms

The acceptable (no effects) criteria levels will be used in conjunction with ARARSs to evaluate potential
adverse effects on biota as is appropriate for the environmental evaluation portion of the Phase lil RFI/RI
This approach will be integrated with the human health risk assessment process and will assist in the
development of potential remediation criteria
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6.7  ENVIRONMENTAL EVALUATION REPORT

An Environmental Evaluation Report will be prepared in a clear and concise manner to present study
results and interpretation All relevant data from the environmental evaluation, in addition to relevant Phase
1tl RF1/RI data, will be integrated and evaluated in the characterization of potential environmental impacts The
following topics will be covered in the report

. Objectives,

. Scope of Investigation,

. Site Description,

. Contaminants of Concern and Key Receptor Species,

. Contaminant Sources and Releases,
. Exposure Characterization,
. Impact Characterization,

. Remediation Criterla, and
. Conclusions and Limitations

A proposed, detailed outline of the report is shown in Table 6-1

68 PRELIMIN Fl P

The environmental evaluation of the 881 Hillside Area is planned in three stages as described in Section
615 Field sampling activities will be conducted in Stage | and Stage Il of the environmental evaluation
Stage | will include brief field surveys and an ecological inventory of biota present at Operable Unit No 1 The
field surveys will be conducted to obtain information on the occurrence, distribution and general abundance
of 881 Hillside biota. Data obtained in the field inventory will be used to develop a detalled food web model
of Operable Unit No 1 and to provide input to the Stage Ii pathways analysis Planning for the Stage il tissue
analysis program will begin In Stage
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TABLE 6-1
DRAFT ENVIRONMENTAL EVALUATION REPORT OUTLINE
881 HILLSIDE
EXECUTIVE SUMMARY
INTRODUCTION
11 OBJECTIVES
12  SITE HISTORY
13  SCOPE OF EVALUATION
SITE DESCRIPTION

21 PHYSICAL ENVIRONMENT

211 Air Quality/Meteorology

212 Sols

213 Surface Water

214 Ground Water
22 BIOTIC COMMUNITY

221 Freshwater Community

222 Terrestrial Community

223 Protected/important Species and Habitats
CONTAMINANT SOURCES AND RELEASES

31  SOURCES
32  RELEASES

CONTAMINANTS OF CONCERN

41  CRITERIA DEVELOPMENT FOR SELECTION OF CONTAMINANTS OF CONCERN
42  DEFINITION OF CONTAMINANTS

TOXICITY ASSESSMENT

51  TOXICITY ASSESSMENTS OF CONTAMINANTS OF CONCERN
§2  CONTAMINANT EFFECTS

521 Terrestrial Ecosystems
§22 Aquatic Ecosystems

EXPOSURE ASSESSMENT
61 CONTAMINANT PATHWAYS AND ACCEPTABLE CRITERIA DEVELOPMENT

611 General Methodology for Pathway Analysis
612 Selection of Key Receptor Species
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62 EXPOSURE POINT IDENTIFICATION
621 Air
622 Sol
623 Water
624 Vegetation

63 CHEMICAL FATE AND TRANSPORT

64 EXPOSURE POINT CONCENTRATIONS
641 Soll and Sediment Concentrations
642 Surface Water Concentrations
643 Ground Water Concentrations
644 Vegetation Concentrations

65 EXPOSURE PATHWAYS

651 Terrestrial Pathway
652 Freshwater Pathway

7.0 IMPACT CHARACTERIZATION
71 DEVELOPMENT OF ECOLOGICAL EFFECTS CRITERIA
711 Air Criteria
712 Soil and Sediment Critena
713 Freshwater Criteria
7 14 Vegetation Criteria
72  EFFECTS CHARACTERIZATION
721 Terrestrial Pathway
7211 Air
7212 Soil
721 3 Vegetation
722 Freshwater Pathway
7221 Air
7 2 2 2 Surface Runoff
7223 Seeps and Springs
80 ASSUMPTIONS AND UNCERTAINTIES
90 RECOMMENDATIONS AND CONCLUSIONS

100 REFERENCES
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|, so that samples collected in the Stage | field inventory may be used for Stage lil tissue analysis wherever
possible The need for further contaminant studies (e g, reproductive success or enzyme analyses) in Stage
{il, in addition to the tissue analyses, will be determined based on Stage | and Stage Ii findings

The following field sampling plan Is provisional and may be modified The Stage | sampling plan Is
largely complete but may be altered in order to better coordinate with the surface water and soll sampling
programs. The Stage lil field sampling plan will be designed in greater detall after contaminants of concemn
and key receptor species have been identified and a preliminary determination of food webs and contaminant
source-receptor pathways has been developed This information will allow determination of which
contaminants of concern are likely to be present in sufficient concentrations to be detected in biota and which

biota are most practical and suitable for sampling

681 Sampling Objectives

The Stage | sampling program for 881 Hillside has four broad objectives

1 Conduct brief field surveys and an ecological inventory to describe the existing ecological
setting in terms of habitats, vegetation, wildlife and aquatic species Observations for obvious
signs or zones of contamination or impacts to biota and their habitats will be made The
inventory will be accomplished through the use of established ecological field methodologies

2 From the above data, identify key food chain species which represent the major flow of energy
and thus the major pathways for contaminant transfer from physical environmental media to
higher trophicdevel ecological receptors.

3 Identity the presence or absence of protected or other important specles and habitats.

4 Provide site-specific information for determining objectives, measurement endpoints and
methodologies for any needed Stage il field laboratory contamination studies

Data from the Stage | field surveys and inventory will be summarized, tabulated and accompanied with
a narrative description of the following data types

. Species Present,
. Habitat Descriptions,
. Critical/Protected Habitats,
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. Protected Species,

. Terrestrial and Aquatic Foodwebs,

. Potential Exposure Pathways,

. Abundance of Key Species,

. Vegetation Biomass,

. Vegetation Cover;

. Vegetation Frequency and Denslty (shrubs/trees), and
. Vegetation Importance (community dominance) Values.

Appropriate statistical tests will be used to analyze the data so that precision and accuracy of the
results can be presented at a stated level of confidence Depending on the data types being analyzed, within-
and-between station differences, within-and-between season differences, and within-and-between species
differences will be presented Means, variances, standard errors, analyses of varlance, regression and
correlation coefficients will be computed as appropriate Non-parametric methods will be employed where
variances are heteroscedastic and population distribution is non-normal Where sample sizes are insufficient

to detect differences, only descriptive statistics will be prepared

682 Sample Location and Frequency

Both Stage | and Stage lil field sampling activities will be located and timed to the extent possible to
coincide with collection of other media samples such as solls, surface water and ground water This will

provide a synoptic view of potential contaminants in all relevant media at one time

The field sampling plan for Stage | is based on the assumption that brief field surveys will be conducted
in the winter, spring, summer and fall of 1991 and that the ecological field inventory will take place within the
May-June 1991 timeframe Information from the surveys and initial field inventory will be used to evaluate
the need for a mid- to late-summer inventory A second inventory period would be required if field data
indicated a summer-to-fall pulse of key species’ populations important to the environmental evaluation
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6821 Locations for Vegetative Sampling

Stage | vegetation inventory and sampling for phytosociological data will be performed at Operable Unit
No 1, along the South Interceptor Ditch and Woman Creek south and east of the 881 Hillside Area A
systematic walk-through of these areas will be conducted during the field surveys and spring field inventory

A stratified randomization procedure will be utilized to identify sampling locations for the quantitative
vegetative description portion of the field inventory The basis for selecting a random procedure of vegetation
transect/plot location is to obtain as unblased an estimator as possible of true population parameters for
cover, density and frequency Stratification is required because several distinct vegetation types appear to be
present in the study area, including prairie grassland, marsh, streambank vegetation, well-vegetated disturbed
areas and sparsely vegetated disturbed areas.

The basis for stratification will be a vegetation type map, to be prepared based on the 1975 University
of Colorado vegetation map of Rocky Flats, updated by visual observations during the field surveys This map
will cover the 881 Hillside Area and the nearby areas along Woman Creek and the South Interceptor Ditch

Vegetable sample plots will be located near soil sampling sites whenever possible The exact location
of the study plots will be selected by a double randomization procedure The first, used to select the soil
sample locations, is described in Section 5 2 3 of this RFI/RlI Work Plan From each soil sampling point, the
centerpoint of a vegetation plot will be selected based on a random distance (to 10 m) and random direction,
using random numbers tables Plot locations will be selected until an adequate number has been selected for
each major vegetation type Locations will be discarded under several conditions where the selected location
Is in a vegetation type for which an adequate number of plots has already been selected, where the vegetation
of the plot is not homogeneous (Jocated in more than one type, or across an ecotone), and where the plot
would be located in buildings or paved areas A similar process will be used for transects along Woman Creek
and the South Interceptor Ditch, where the sample locations will be in the general area of the soil, sediment
or water sampling points Since vegetation types assoclated with these features tend to be linear, the
randomization process may require limits on direction In addition, mulitiple plots will be located near {within
50 meters (m) of] each water sampling point to provide an adequate sample size
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6822 Locations for Periphyton Sampling

Periphyton samples will be collected at the following surface water sampling locations SW-31, SW-
32, SW-46, SW-70 and Pond C-2 (Figure 2-18) Should periphyton be absent at a particular location, the
nearest location downstream supporting periphyton will be sampled and located on a map

6823 Locations for Wildlife Sampling

A terrestrial wildlife inventory will be conducted within the 881 Hillside Area, the South Interceptor Ditch
and along Woman Creek south and east of 881 Hillside Small mammal sampling will be conducted, to the
extent possible, at the vegetative sampling locations

Benthic organisms and fish will be collected at SW-31, SW-32, SW-46, SW-70 and Pond C-2 If no
aquatic habitat is present at these designated locations, the nearest downstream location with suitable habitat
will be sampled The intent is to sample for benthos and fish at locatlons that also are sampled for sediments

and surface waters.

6824 Stage lll Tissue Sampling Locations

Locations for the collection of Stage lil tissue samples (terrestrial vegetation, periphyton, benthos,
macrobenthos, fish) will be based on surface water, soil and sediment sample locations, as well as potential
contaminant release areas Stage lll sampling locations will include Stage | sampling sites (e five x,y
coordinate blocks), designated locations near or within IHSSs 102, 107, 130, 1191 and 119 2 and 130, and
surface water sampling locations SW-31, SW-32, SW-46, SW-70 and Pond C-2 Depending on the analysis
and selection of contaminants of concern, contaminant sources, key receptor species, contaminant pathways
and exposure points, the above sampling locations may change The intent is to collect tissue samples where
existing abiotic media sampling occurs, to the extent possible
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6825 Sample Frequency

Stage | field surveys will be conducted during one-week periods in the winter, spring, summer, and fall
of 1991 Special note of transitory species, migratory species, and seasonal breeding habits will be made

during these multi-season surveys

Stage | field inventory sampling will occur during May/June 1991 Where possible, samples collected
during the inventory will be saved and used in the Stage il tissue analysis studies.

683 Reference Areas

Stage lli tissue analysis studies will require the sampling of contaminated and control areas in order
to establish a relationship between contaminated conditions and background conditions in areas not exposed
to Rocky Flats Plant contamination Selection of reference areas will be based on criteria developed in the
Stage | preliminary planning process. Potential selection criterla include the presence of species to be
sampled and similarity to the 881 Hillside in terms of topography, aspect, soils, vegetation, range type and land
use history Reference areas will be upwind from prevailing air flow pattems through and upstream of drainage
off the Plant.

The aquatic species reference areas ideally should be focated in Rock Creek A site visit will be made
to the proposed aquatic sampling locations (existing surface water sampling points SW-31, SW-32, SW-46, SW-
70, Pond C-2) at the 881 Hillside Area (Figure 2-18) Habitat charactenstics will be noted if not previously
recorded in on-going Plant studies (depth, flow, substrate type, pool/riffle, aquatic/streamside vegetation, etc )
This process will be repeated at potential reference sites The reference site locations will be based on Dq0s
and the measurement endpoints selected Iin the Stage | and Stage lli sampling plans
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6841 Vegetation

Both qualitative and quantitative methods will be used to characterize the terrestrial and wetiand
vegetation at the 881 Hillside The following qualitative procedure will be used in the Stage | fleld surveys

Systematically walk the 881 Hillside Area, the South Interceptor Ditch and Woman Creek area

Record on a vegetation data sheet all vegetation species encountered Information to be
recorded Includes

. Sclentific name,

. Common name,

. Life form,

. Vegetative stage at the time,

. Qualttative statement on condition, and

. Qualitative statement on abundance

The following quantitative procedures will be used in the Stage | field inventory to collect structural and

compositional data

At each plot selected by the process described in Section 82 1, a 10 m long transect will be
laid out in the randomly-selected direction

All shrubs will be enumerated which are rooted within 1 m of the transect centerline Shrubs
are defined as woody vegetation over 0 5 m in height, and with a stem diameter of less than2 5
cm at 1 4 m aboveground, smaller woody plants will be counted within the herbaceous stratum,
and larger ones as trees For each shrub rooted within the beilt transect, the following data will
be recorded species, height, and two cover diameters at right angles (to caiculate areal
average)

§

Herbaceous cover will be visually estimated by species to the nearest percent within a 1 m®
plot

Biomass (dry weight) of herbaceous and low shrub vegetation will be obtained by clipping
from a %« m? plot.

Trunk diameter, height, canopy diameter, and species of each tree within 5 m of the transect
centertine will be recorded

Field data will be processed to yield mean cover, density (shrubs and trees), diameter (trees),
biomass, and frequency by species and/or life form Each plot/transect will be considered as
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an observation in calculating the mean and variance Sample adequacy will be determined for
herbaceous cover and biomass (fresh weight) using Cochran’s formula (1977)

(tz) (s 2)

N = [@)

the minimum number of samples needed

t distribution value for a given level of confidence
the variance estimate

the mean of the sample

the level of accuracy desired

axae=—=z
[ I I I

Since adequate sample size may differ for cover sampling than for biomass sampling, different sample
sizes may be required in addition, sample sizes may differ among vegetation types

684 2 Terrestrial Wildlife and Invertebrates

The Stage | survey will note the presence or absence of terrestrial/wetland species and their food
habits The survey procedure will include a systematic walk-through of the 881 Hillside Area, South Interceptor
Ditch and Woman Creek to record ecological features These will be recorded on a field data sheet and

include

. Species encountered/observed,

. Scientific name,
. Common name,
. Qualitative statement on
- Condittion,
- Abundance,

- Habitat requirements,
- Predator/prey species/food hablts, and
- Regulatory status, and

. Species presence will be determined by

- Visual observation,

- Vocalization,

- Burrow/den,
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- Nest, and

- Droppings/scat

Quantitative information on wildlife populations will also be obtained in the Stage | field inventory
Inventory sampling will include the following procedures

. Live trapping of small mammals will take place both on the hiliside and along the South
interceptor Ditch and Woman Creek Trap lines will consist of 25 stations with traps placed at
15m intervals, two to a station and baited with rolled oats or bariey Traps will be set for three
or four nights and animals caught will be released allve after recording the following

- Scientific name/ common name,
- Sex,

- Reproductive condition,

- Welght, and

- Life history stage

. Reptiles will be counted along the same transects used for small mammal trapping The
observer will walk the line of the transect and search the ground for reptiles within three to five
meters either side of the transect center line Data to be recorded include

- Species encountered,

- Activity;

- Habitat, and

- Qualitative statement on abundance

. Medium and larger sized mammats will be counted by recording all species along a systematic
walk-through of the 881 Hillside, the South Interceptor Ditch and Woman Creek Counting will
occur during the small mammal transect trapping Species encountered and activity will be
recorded

. Follage invertebrates will be collected by sweep net and beating Sweep netting involves 10 -
20 strokes through the entire plant taking care not to destroy or injure the shrub, grass or forb
being sampled Beating involves a shallow net placed under the parts of a shrub or tree
sampled Three to five hard hits on the shrub/tree with a stick knocks the invertebrates to the
net below ‘.

. Invertebrates will be placed in a killing jar and retumned to the laboratory for processing and
identification to Order Ground arthropods encountered will be identified to Order in the field,
if possible If not, they will be placed In killing jars, returned to the laboratory, processed and
identified to Order

Data to be recorded will include

- Host plant,

- Predator/prey species,
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- Herbivore, and
- Foodweb location

6843 Pernphyton

The following method will be employed at the selected locations along Woman Creek, South Interceptor
Ditch and Pond C-2 in order to characterize the periphyton communities.

. Surface-floating samplers constructed of styrofoam and a submerged rack contalning six
plexiglass slides will be used to collect periphyton The upper end of the vertically-suspended
slides will be placed about 30 cm below the surface of the water During low-flow periods, the
samplers will be suspended at 45¢ instead of vertically To anchor the sampler in place,
sufficient weight will be attached at the end of a cord from the bottom of the sampler (cord
length varied depending upon the depth at the sampling site} The exposure period in the field
will be 28 + /- 1 days |f surface-floating samplers cannot be placed, periphyton will be scraped
from substrate (natural)

. For direct cell counts (identification and enumeration), algal growth will be scraped from both
sides of the slide and rinsed with distilled water After the sample Is diluted (as necessary)
and preservative added, a subsample will be taken and allowed to settle for approximately 12
hours in a sedimentation cylinder The dilution volume [usually 200 mi to 1000 milliiiters (ml)]
and the volume of the subsample (1 ml to 5 mi) are dependent upon the amount of growth on
the slide Organisms will be identified to genus and enumerated with a microscope at about
320X

. Blomass determinations will be made by scraping the growth from both sides of the slide into
a pre-weighed crucible The residue is to be dried at 105°C for 12 hours (or until a constant
weight is obtained), weighed, and then ashed in a muffie furnace at 600°C for 1 hour and
weighed again The difference between the two weights is the ash-free dry weight or organic
weight of the sample

. To determine the concentrations of chlorophyll-a and phaeophytin-a, both sides of the slides
will be scraped and rinsed with a 90 percent acetone solution, resulting in extract volumes of
20 to 50 mi  After the extract is homogenized and steeped for a minimum of 12 hours, it will
be clarified by centrifuge tube The absorbance (optical density) of the extract is to be read at
750 and 630 nanometers (nm) in a spectrophotometer If dilution is necessary, 2 mi of the
extract will be added to 10 ml of 90 percent acetone solution The amount of phaeophytin-a,
a natural degradation product of chlorophyil-a, will be determined by examining the optical
density at 633 nm before and after acidification

. All analyses will be completed within five days of the collection of the slides from the field (U S
EPA, 1987b)

6 8 4 4 Macrobenthos

Benthic invertebrates are the most common fauna used in ecological assessments of contaminant

releases and are defined as the Invertebrates retained by screens of mesh size greater than 0 2 millimeters
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(mm) Two types of sample collectors will be used to obtain macrobenthos samples a Surber sampler with

a mesh net and a Ekman grab sampler

At those stations where shallow niffie habitats dominate, a Surber sampler (0 09 m® or 1 square-foot)
with a 352 micrometers (um) mesh net will be used Triplicate samples are to be taken on a transect upstream
and within 10 m of the designated sampling location. Samples will be placed in small plastic jars and
reference specimens preserved in a 70 percent isopropanol solution. Supplemental data on the time the
samples are collected, weather conditions, water temperature, depth and general nature of the substrate for
each sample, and width of the creek at the transect will also be recorded

At creek locations where the water Is shallow and the bottom is soft mud or silt with little current, a
pole-mounted Ekman grab sampler will be used The Ekman may also be used with a remote messenger to
trigger the sampler Once the sample is obtained, the entire contents will be placed in a large plastic bag
and returned to the field laboratory where the contents will be sieved through a No 35 mesh (500 sm) sieve
and placed in a large white tray Organisms will be separated from the debris with forceps under a table-
mounted magnifier Specimens will be preserved in vials of 70 percent ethanol solution Identification and

enumerations, generally to genus, will be made using dissecting microscopes

6845 Fish

Fish will be collected in 10- to 25-meter-ong collection areas The section will be fished using a Smith-
Root backpack shocker The anode on the shocker will be fitted with a nonconducting collection net, and the
operator will be assisted by one person equipped with fine-mesh, long-handled dip net for fish capture A
standard effort of approximately 900 shocking-seconds will be used to collect the fish An alternative method
consists of seining the blocked-off creek sections, one person on each side of the seine The seine is moved
along one end to the other with poles on the bottom At the end of a given length of collection area, the seine

is lifted from the creek and fish are collected

Block nets will be set across the creek at the upstream and downstream end of the section prior to

sampling, and multiple electroshocking passes will be made through the area.
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Captured fish will be held in a floating pen until processed Fish will be identified to species, counted,
and measured for length (mm) Weights will be determined by water displacement or by spring balance Data
will be recorded on standardized field sheets Samples will be taken for laboratory identification/confirmation

Analyses will consist of compiling and summarizing the number, size and weight of each species of fish
captured at each sampling site Graphic presentations may include fish length-frequency histograms and
plots of catch per effort for each sampling area.

685 Stage lll - Tissye Analysis Sampling Methods

The methodologies selected for tissue analysis studies will depend on the contaminants of concern and
their anticipated effects on the selected key receptor species Contaminants of concern and key receptor
species will be determined as early as possible in the Stage | planning process It Is anticipated that some
biota samples collected in the Stage | inventory can be saved and used in the Stage lll tissue analysis study
Standard protocol for preserving samples for tissue analyses will be followed in those instances where it is
anticipated that tissue analyses will be conducted

Analyses for metals and radionuclides in biota may call for a greater biomass of tissue than is avallable
through standard collection methods. At least 55 grams of material (wet weight) is needed per sample for
metals analysis, and 1 kilogram (kg) of material Is needed for radionuclides For vegetation, roots to 12 inches
and above-ground tissues would need to be analyzed separately Obtaining this amount of sample may be
impractical for some species of vegetation, or for periphyton, benthos, and macrobenthos It is not the intent
of the sampling program to cause unnecessary disturbance or damage to the biota communities in order to
collect sufficient samples Any decrease in sample size, however, could rr;ake data interpretation more difficuit
To be meaningful, the number of samples will also need to be large enough to obtain variance estimates
DQOs for the tissue sampling program will be evaluated with respect to this determination prior to the Stage
| field inventory and during design of the Stage {ll field sampling plan
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It is anticipated that tissue samples collected for contaminant analysis will be sent to a laboratory for
‘ the following metals and radionuclide analyses

. Metals determined by inductively Coupled Argon Plasma Emission Spectroscopy (ICP) (barium,
hexavalent chromium, copper and iron),

. Metals determined by Graphite Furnace Atomic Absorption Spectroscopy (GFAA) (arsenic,
- cadmium, lithium, lead, selenium, strontium and zinc),

. Mercury;

. Uranium 233, 234, 235, 238,
. Americium 241, and

. Plutonium 239, 240

Holding times, preservation methods, sample containers and field and laboratory quality control sample
numbers are contained in the QAPjP and shown in Table 6-2

686 Sampling Equipment

The following equipment has been identified for use in the Stage i field surveys and inventory The
list is partial and does not include the specialized laboratory equipment necessary for toxicological analyses

Vegetation Sampling

. 30 m and 100 m flexible tape,

. Brunton compass,

. 1 m rule,

. 1 m? quadrat frames, )
. 1/4 m® quadrat frames,

. Survey stakes or rebar for transect locations,

. Small sledge hammer;

-

. . Field forms and clipboards,
{ . Plant press,
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. Triple beam balancs,
. . Dissecting scope,
. Paper collection bags, and
| . Drying oven

Terrestrial Wildlife Sampling
. Binoculars,

{ . Smith live traps,
. Sweep nets,

- iy

. Killing jar;
. Absorbent material,
. Field forms and clipboard, and

. Pill boxes
®

Aquatic Sampling

. Surber sampler;
. Ekman grab,
l . Artificial substrate rack with glass slides,
. Styrotoam floats,
. No 35 mesh brass screen,
. No 60 mesh brass screen,
. Forceps and glass vials, !
. 70% ethanol,
. Dry ice and sample coolers,

PSS
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. Permanent markers, and

. . One gallon zip-oc plastic bags

The following equipment will be used for preservation of vegetation samples for Stage Il tissue analysis

- . 1 m® quadrat frames,

. Shears for tissue clipping,
. Small spade for root collection,
. Knife,
. One gallon plastic zip-loc bags,
. Large paper sacks,

{ . Permanent markers,
. Dry ice,
. Coolers, and

. Freezer
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